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METHOD AND APPARATUS FOR RADIAL EXP ANSrON AND/OR COUPLING 

Background of the biventioh 

This inventitm reliates generally to tubular members. For convenience, the 
invention will be described with reference to wellbore casings that arc formed using 
expandable tubinjg. However, it will be appreciated that the invention may be applied to 
other tubular members, such as pipelines and sitnwtural supports. 

Conventionally, when a weltbore is created, a number of casings are installed in the 
borehole to prevent collapse of the borehole wall iaind to prevent undesired outflow of 
drilling fluid into the formation or inflow of fluid from the formation into die borehole. 
The borehole is drilled in intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of smaller 
diameter than the casing of the upper interval. Thus, the casings are in a nested 
arrangement with casing diameters decreasing in downward direction, Cement annul! are 
provided between the outer surfaces of the casings and the borehole wall to seal the casings 
from the borehole wall. As a consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large drill bits 
and increased volumes of drilling fluid and drill cuttings. Moreover, increased drilling lig 
time is involved due to required cement pumping^ cement hardeningi required equipment 
changes due to large variations in hole diameters drilled in the course of the well, and the 
large volume of cuttings drilled and removed. 

The present invention is directed to alleviatbig one or more of the limitations of the 
existing procedures for forming wellbores and other tubular members. 
Summary of the Invention 

According to one aspect of the invention, an apparatus for plastically deforming 
and radially expanding a tubular member is provided that includes means for plastically 
deforming and radially expanding a first potion of the tubular member to a flrst outside 
diameter, and means for plastically defonning and radially expanding a second portion of 
the tubular member to a second outside diameter. The means for plastically defonning and 
radially expanding the flrst portion of the tubular member to the flrst outside diameter may 



be frangible, clastic or inflatable, or it may include rolling means for applying radial 
pressure to the Hist portion of the tubular member. 
O According to another aspect of the present invention, an aj^atus for plastically 

^ defomilng and radially expanding a tubular member is provided thtit includes a tubular 

5 support member including a first fluid passage, an expansion coiic coupled to the tubular 
g support member having a second fluid passage fluidicly coupled to fte first fluid passage 

00 and an outer conical sur&ce, a removable annular conical sleeve coupled to the outer 

^ conical surface of the expansion cone, an annular expansion cone launcher coupled to the 



O 



conical sleeve and a lower portion of the tubular meinber, and a shoe having a valvcable 
^ 10 passage coupled to an end of the expansion cone launcher. The conical sleeve may be, for 
example, frangible, elastic or comprised of a plurality of arcuate elements. 

According to another aspect of the present invention, a method of plastically 
defonning and radially expanding a tubular member is provided that includes plastically 
deforming and radially expanding a portion of the mbular member to a flrst outside 
15 diameter, and plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. In one embodiment, plasticaUy defotming and 
radially expanding the first portion of the first tubular member comprises applying a radial 
force to the portion of the tubular member using a conical sleeve. The conical sleeve may 
be, for example, frangible, elastic or comprised ofa plurality of arcuate elements. In 
20 another embodiment, plastically deforming and radially expanding the first portion of the 
first tubular .member comprises applying a radial force to the first portion of the first 
tubular member using an inflatable bladder or using a roller expansion device. 

Acconling to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically deforming 
2S and radially expanding a first portion of the first tubular member to a first outside 

diameter, plastically defoming and radially expanding another portion of the first tubular 
member to a second outside diameter, positioning the second tubular member inside the 
first tubular member in overlapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second mbular member to a third outside 
30 diameter, and plastically defonning and radially expanding (he second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. The first 
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outside diameter may be greater than the second outside diameter. In one embodiment, 
plastically deforming and radially expamling the first portion of the first tubular member 
O comprises applying a radial force to the portion of the tubular member using a conical 

^ sleeve. The conical sleeve may be, for example^ frangible, clastic or comprised of a 

5 plurality of arcuate elements. In another embodiment, plastically deforming and radially 
g expanding the first portion of the first tubular member comprises applying a radial force to 

^ the first portion of the first tubular member using an inflatable bladder or using a roller 

^ expansion device. 

^ According to another aspect of the present invention, an aj^aratus for coupling a 

^ 10 first tubular member to a second tubular member is provided that includes means for 

plastically deformbg and radially expanding a first portion of the first tubular niember to a 
first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter; means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 

1 5 portion of the first tubular member, means for plastically deforming and radially expanding 
the second tubular member to a third outside diameter, and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. The first outside diameter may be £p%ater than the 

20 second outside diameter. In one embodiment, the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises means for 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be, for example, frangible, elastic or comprised of a plurality of arcuate 
elements. In another embodiment, the means for plastically deforming and radially 

25 expanding the first portion of the first tubular member comprises means for applying a 
radial force to the first portion of the first tubular member using an inflatable bladder or 
using a roller expansion device. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes means for supporting a tubular 

30 member within the wellbore, means for plastically deforming and radially expanding a first 
portion of the tubular member to a first outside diameter, and means for plastically 
deforming and mdially expanding a second portion of the tubular member to a second 
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S outside diameter. The means for plastically defonning and radially expanding the first 

w portion of the tubular member to the first outside diameter may be firangible, clastic or 

O Inflatable, or it may include rolling means for applying radial pressure to the first portion 

Q ofthc tubular member 

5 According to another aspect of the present invention, an apparatus for forming a 

wellbore caring within a wellbore is provided that inchides a tubular support member 

O 

^ including a first fluid passage, an expansion cone coupled to the tubular support member 

0^ having a second fluid passage fluidicly coupled to the first fluid passage and an outer 

Q conical surface, a removable annular conical sleeve coupled to fte outer conical surface of 

^ 10 the expansion cone, an annular expansion cone launcher coupled to the conical sleeve and 
a lower poison of the tubular member, and a shoe having a valveable passage coupled to 
an end of the expansion cone launcher. The conical sleeve may be. for example, frangible, 
elastic or comprised of a plurality of arcuate elements. 

According to another aspect of the present invention, a method of foraiing a 
1 5 wellbore casing within a wellbore is provided that includes supporting a tubular member 
within a wellbore, plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically deforming and radially expanding 
another portion of the tubular member to a second outside diameter, hi one embodiment, 
plastically deforming and radially expandmg the first portion of the first tubular member 
20 comprises allying a radial force to the portion of the tubular member using a cOTical 
sleeve. The conical sleeve may be, for example, fiangible, clastic or comprised of a 
plurality of arcuate elements. In another embodiment, plastically deforming and radially 
expanding the first portion of the first tubular member comprises applying a radial force to 
the first portion of the first tubular miember using en inflatable bladder or using a roller 
25 expansion device. 

According to another aspect of the present invention, a method of forming a mono- 
diameter wellbore casing within a wellbore is provided that includes supporting a first 
tubular member within the wellbore, plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
30 radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically deforming 
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and radially expatkling the second tubular member to a third outside diameter* and 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter/ The inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. The first outside 
diameter may be greater than the second outside diameter. In one embodiment, plastically 
deforming and radially expanding the first portion of the first tubular member comprises 
applying a radial force to the portion of the tubularmember using ia conical sleeve: The 
conical sleeve may be, for example, frangible, elastic or comprised of a plurality of arcuate 
elements, In another embodiment, plastically deforming and radially expanding the first 
portion of the first tubular member comprises applying a radial force to the first portion of 
die first tubular member using an infiatable bladder or using a roller expansion device. 
The method may further comprise injecting an annular body of a hardenabie fiuidic sealing 
material into an annulus between the first tubular member and the wellbore and/or between 
the second tubular member and the wellbore. The annular body or bodies may be cured. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 
portion of the furst tubular member, means for plastically deforming and radially expanding 
the second tubular member to a third outside diameter, and means for plastically deforming 
and ratfially expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. The first outside diameter may be greater than the 
second outside diameter. In one embodiment^ the means for plastically defomiing and 
radially expanding the first portion of the first tubular member comprises means for 
applying a radial force to the portion of the tubular member using a conical sleeve. The 
conical sleeve may be, for example, frangible, elastic or comprised of a plurality of arcuate 
elements. In another embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member comprises means for applying a 
radial force to the first portion of the first tubular member using an inflatable bladder or 
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using a roller expansion device. The apparatus may further comprise means for injecting 
an annular body of a hardenable fluidic sealing material into an annulus between tbe first 
O tubular member and the wellboie and/or between the second tubular member; and tbe 

Q wellb(M«. Such apparatus may further comprise means for curing the annular b^ 

S hiardenable fluidic sealing material 
^ According to another aspect of the present invention, an apparatus for plastically 

00 deforming and radially expanding a tubular member is provided that includes means for 

^ providing a lipped portion in a portion of the tubular member, arid means for plastically 

Q deforming and radially expanding another portion of the tubular member. 

^ 10 According to another aspect of the present invention, an apparatus for plastically 

deforming and radially expanding a tubular member is provided that includes a tubular 
support member inclining a first fluid passage, an expansion cone coupled to the tubular 
support member having a second fluid passage fluidicly coupled to the first fluid passage 
and an outer conical surftce, an annular expansion ooae launcher including: a first annular 
IS portion coupled to a Ibwer portionofthe tubular member, a second annular portio 
coupled to the first annular portion that mates with the outer coiiical surf^ 
expansion cone, a third annular portion coupled to the second annular portion having a first 
outside diameter, and a fourth annular portion coupled to the third annular portion having a 
second outside diameter, wherein the second outside diameter is less than the first outside 
20 diameter, and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes providing a 
lipped portion in a portion of the tubular member, and plastically deforming and radially 
25 expanding another portion ofthe tubular member. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is i»rovided that includes providing a lipped 
portion in a portion of the first tubular member, plastically deforming and radially 
expanding another portion ofthe first tubular member, positioning the second tubular 
30 member inside the first tubular member in overiapping relation to the lipped portion of the 
first tubular member, and plastically deforming and radially expanding the second tubular 
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member. The inside diametere of the first and second tubular members after the plastic 
^ defomiations and radial expansions are substantially equal. 

O According to another aspect of die present invention, an apparatus for coupling a 

^ first tubular member to a second tubular member is provided that includes means for 

S providing a lipped portion in the first tubular member, means for pla^cally deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
OO second tubular member inside the first tubular member in overlapping relation to the lipped 

^ portion of the first tubular member, and means for plastically deforming and radially 

^ expanding the second tubular member* Hie inside diameters of the first and second tubular 

^ 10 members after the plastic deformations and radial expansions are substantially equal 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casinjg within a wellbore is provided that includes means for supporting a tubular 
member within the wellbore, means for providing a lipped portion in the tubular member, 
and means for plastically deforming and radially expanding another portion of the tubular 
1 S member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing v^thin a wellbore is provided that includes a tubular suj^ort member 
including a first fluid passage, an expansion cone coupled to Cbe tubular support member 
having a second fluid passage fluidicly coupled to the first fluid passage and an outer 
20 conical sur&ce, an annular expansion cone launcher including: a furst annular portion 
coupled to a lower portion of the tubular member, a second annular portion coupled to the 
first annular portion that mates with the outer conical surface of the expansion cone, a third 
anniiiar portion coupled to the second annular portion having a first outside diameter, and a 
fourth annular portion coupled to the third annular portion having a second outside 
25 diameter, wherein Ae second outside diameter is less than the first outside diameter, and a 
shoe having a valveable passage coupled to fourth aimular portion of the expansion cone 
launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing in a wellbore is provided that includes supporting a tubular member within 
30 the wellbore, providing a lipped portion in a portion of the tubular member, and plastically 
deforming and radially expanding anotiier portion of the tubular member. The method 
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may further comprise injiscting a hardenable fluidic sealing material in an annuhis between 
the tubular member and the wellboTC. 

According to anodier aspect of the present invention, a method of forming a mono- 
diameter wcllbore casing within a wcllborc is provided that includes supporting a first 

5 tubular member within the wcllbore, providing a lipped portion in a portion of the first 
tubular member^ plastically deforming and radially expanding another portion of the first 
tubular member, positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expandmg the second tubular member. The inside diameters of the 

10 first and second tubular members after the plastic deformations and radial expansions are 
substantially equal. The method may further comprise injecting a hardenable fluidic 
scaling material in ari anhulus between the first tubulsur member and the wcllbore and/or 
between the second tubular member and the wcllbore. The fluidic sealing material may be 
cured. 

15 According to another aspect of the present invention, an apparatus for forming a 

mono-diameter wcllbore casing within a wcllbore is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically defomiing and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the lipped 

20 portion of the first tubular member, and means for plastically deforming and radially 

expanding the second tubuUr member. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. The 
apparatus may further comprise means for injecting a hardenable fluidic sealing material in 
an annulus between the first tubular member and the wcllbore and/or between the second 

25 tubular member and the wcllbore. Such apparatus may further comprise means for curing 
the fluidic sealing material. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that Includes means for 
plastically defonning and radially expanding a first end of the tubular member, and means 

30 for plastically deforming and radially expanding a second end of the tubular member. 

Accorxling to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes a tubular 
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support member including a first passage, an expansion cone coupled to the tubular 
support having a second passage fluidicly coupled to the first passage and an outer conical 
O surface, Ein annxilar expansion cone launcher movably coupled to oxiter conical surface of 

^ the expansion cone, an expandable tubular member coupled to an end of the annular 

S expansion cone launcher, a shoe coupled to another end of the annular expansion cone 
g launcher having a valveable fluid passage, and another annular expansion cone movably 

^ coupled to the tubular support member. The annular expansion cones arc positioned in 

^ opposite orientations. In one embodiment, the annular expansion cone is adapted to 

^ plastically defonn and radially expand a firstend of the expandable tubular member and 

^ 1 0 the other annular expansion cone is adapted to plastically deform and radially expand a 
second end of the expandable tubidar member. The apparatus may further comprise an 
anchoring member coupled to the tubular support member adapted to hold the expandable 
tubular. 

According to another aspect of the present invention, an apparatus for forming a 

15 wellbore(»sing within a wellbore is provided that incl^ 

including a first passage, an expansion cone coupled to the tubular support having a second 
passage fluidicly coupled to the first passage and an outer conical surface, an aniiular 
expansion cone launcher movably coupled to outer conical surface of the expansion cone, 
an expandable tubular member coupled to an end of the annular expansion cone launcher, a 

20 shoe coupled to another end of the annular expansion cone launcher having a valveable 
fluid passage, and another annular expansion cone movably coupled to the tubular support 
member. The annular expansion cones are positioned in opposite orientations. In one 
embodiment, the annular expansion cone is adapted to plastically deform and radially 
expand a first end of the expandable tubular member and the other armular expansion cone 

25 is adapted to plastically deform and radially expand a second end of the expandable tubular 
member. The apparatus may further comprise an anchoring member coupled to the tubular 
support member adapted to hold the expandable tubular. 

According to another aspect of the present invention, an apparatus for bridging an 
axial gq) between opposing pairs of wellbore casing within a weUbore is provided that 

30 includes means for supporting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings, means for plastically deforming and radially expanding the 
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tubular member, aad means for plastically deforming and radially expanding the tubular 
member and the opposing ends of the wellbore casings. 

According to another aspect of the present invention^ a method of bridging an axial 
gap between opposing pairs of wellbore casing within a wellbore is provided that includes 
supporting a tubular member in overlaf^ing relation to the opposing ends of the wellbore 
casings, plastically deforming and radially expanding the tubular member, and plastically 
deforming and radially expanding the tubular member and the opposmg ends of the 
wellbore casings. 

According to another aspect of the present invention, a method of fonning a 
structure having desired stroigth characteristics is provided that includes providit^ a first 
tubular member, and plastically defonning and radially expanding additional tubular 
members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of fonning a 
wellbore casing within a wellbore having desired strength characteristics is provided that 
includes plastically deforming and radially expanding a first tubular member within the 
wellbore, and plastically deforming and radially expanding additionaJ tubular members 
onto the interior sur&ce of the first tubular member until the desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member, the first tubular member having an original 
outside diameter ODo and an original wall thickness to. is provided that includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically defonning and radially expanding another portion of the first 
tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in ovcriapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 
tubular members af)er the plastic deformations and radial expansions are substantially 
equal, and the ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to of the first tubular member is greater than or equal to 16. 



§ According to another aspect of the present invention, a method of forming a mono- 

w diameter wellborc casing is provided that includes positioning a first tubular member 

O within a wcllbore, the first tubular member having an original outside diameter ODo and an 

g original wall thickness to, plastically deforming and radially expanding a first portion of 

5 the first tubular member to a fint outside diameter, plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
S positioning the second tubular member inside the first tubular member in overlapping 

<^ relation to the fxrst portion of the first tubular member, plastically deforming and radially 

^ expanding the second tubular member to a third outside diameter, and plastically 

^ 10 deformmg and radially expanding the second tubular member to a fourth outside diameter. 

The Inside diameters of the first and second tubular members after the plastic defonnations 
and radial expansions are substantially equal, and the ratio of the ori^hal outside diameter 
ODo of the first tubular member to the original wall thickness to of the first tubular member 
is greater than or equal to 16. 
1 5 According to another aspect of the present invention, aii apparatus is provided that 

includes a plastically deformed and radially expanded tubular member having a first 
portion having a first outside diameter and a remaining portion haying a second outside 
diameter. The ratio of the original outside diameter ODo of the first tubular member to the 
original wall thickness to of the first tubular member is greater than or equal to 1 6. 
20 According to another aspect of the present invention, an apparatus is provided that 

includes a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically dcfonncd and radially expanded second tubular member 
coupled to the first portion of the first tubular member, The ratio of the original outside 
25 diameter ODo ofthc first tubular member to the original wall thickness to of t^ 

tubute member is greater than or equal to 16. In one embodiment, the inside diameters of 
the first and second tubular members arc substantially equal. 

According to another aspect of the present inventioh^ a wellborc casing formed in a 
wellborc is pix>vided that includes a plastically defomied and radially expanded first 
30 tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically defonmed and radially 
expanded second tubular member coupled to the first portion of the first tubular member. 
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The latio of the original outside diameter ODo of the first tubular membcr to the original 
wall thickness to of the first tubular member is greater than or equal to 16. In one 



O embodiment, the inside diameters ofthe first and second tubular members are sub^ 

O equal, 

5 According to another aspect of the present invention, an apparatus is provided that 

g includes a plastically deformed and radially expanded tubular member. The ratio of the 

^ original outside diameter ODo of the tubular member to the original wall thickness to of the 

^ tubular member is greater than or equal to 16. 

^ According to another aspect of the present invention there is provided an apparatus 

^ 1 0 for plastically deforming and radially expanding a tubular member, cornprising: means for 
coupling a first cxpansion cone to a second expansion cone; means for plastically 
deforming and radially expanding a first portion of the tubular member to a first outside 
diameter using the first and second expansion cones; means for plastically deforming and 
radially expanding a second portion of the tubular member to a second outside diameter 
15 using the second expansion cone; and means for decoupling the first and second expansion 
cones prior to plastically deforming and radially expanding the second portion of the 
tubular member to the second outside diameter; wherein the first outside diameter is 
greater than the second outside diameter. 

According to another aspect of the present invention there is provided a method of 
20 plastically deforming and radially expanding a tubular member, comprising: plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
diameter using a first expansion cone coupled to a second expansion cone; decoupling the 
first and second expansion cones; and plastically defonning and radially expanding another 
portion of the tubular member to a second outside diameter using the second expansion 
25 cone; wherem the first outside diameter is greater than the second outside diameter. 

According to another aspect of the present invention there is provided a method of 
coupling a first tubular member to a second tubular member, comprising: plastically 
deforming and radially expanding a first portion of &e first tubular member to a first 
outside diameter using a first expansion cone coupled to a second expansion cone; 
30 decoupling the first and second expansion cones; plastically deforming and radially 

expanding another portion of the first tubular member to a second outside diameter using 
the second expansion cone; positioning the second tubular member inside the first tubular 
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member in ovcriaw>ing relation to the first portion of the first tubular member, plastically 
deforming and radially expanding the second tubular member to a third outside diameter; 
and plastically deforming and radially expanding the second tubular member to a fourth 
outside diameten wherein the first outside diameter is greater than the second outside 
5 diameter, and wherein the inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially twjualv 

According to another aspect of the present invention there is provided an apparatus 
for coupling a first tubular member to a second tubular member, comprising: means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
10 first outside diameter using a fu^it expansion cone coupled to a second expansion cone; 
means for decouplmg the first expansion cone firom the second expansion cone; means for 
plastically deforming and radially expanding another portion of the fust tubular member to 
a second outside diameter using the second expansion cone; means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 
1 5 portion of the first tubular member; means for plastically deforming and radially 

expanding the second tubular member to a third outside diameter, and means for plastically 
deforming and radially expanding the second tubular member to a fourth outside diameter; 
wherein the first outside diameter is greater than the second oittside diameter, and wherein 
the inside diameters of tfie first and second tubular members after the plastic deformations 
20 and radial expansions are substantially equal 

According to another aspect of the present invention there is provided an apparatus 
for fonning a wcllbore casing within a wcllbore, comj^ising; means for supporting a 
mbular member within the wellbore; means for plastically deforming and radially 
expanding a first portion of the tubular member to a first outside diameter using a first 
25 expansion cone coupled to a second expansion cone; means for decoupling the first and 
second expansion cones; and means for plastically deforming and radially expanding a 
second portion of the tubular member to a second outside diameter using the second 
expansion cone; wherein the first outside diameter is greater than the second outside 
diameter. 

30 According to another aspect of the present invention there is provided a method of 

forming a wellbore casing within a wellbore, comprising: supporting a tubular inember 
within a wellbore; plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
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expansion cone; decoupling the first and second expansion cones; and plastically 
deforming and radially expanding another portion of the tubular member to a second 
outside diameter using the second expansion cone; wherein the first outside diameter is 
greater than the second outside diameter. 

According to another aspect of the present invention there is provided a method of 
forming a mono-diamctcr wcllbore casing within a wellbore, comprising: supporting a first 
tubular member wiAin the wellbore; plastically deforming and radially expanding a first 
portion of tiie first tubular member to a first outside diameter using a first expansion cone 
coupled to a second expansion cone; decoupling the first and second expansion cones; 
plastically deforming and radially expanding another portion of the first tubular member to 
a second outside diameter using the second expansion cone; positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding the 
second tubular member to a fourth outside diameter; wherein the first outside diameter is 
greater than the second outside diameter; and wherein the inside diameters of the.first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

According to another aspect of the present invention there is provided an apparatus 
for coupling a first tubuliar member to a second tubular member, comprising: means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 
means for decoupling the firet and second expansion cones; means for plastically 
deforming and radially expanding another portion of the first wbular member to a second 
outside diameter using the second expansion cone; means for positioning the second 
tubular member inside the first tubular member in overlapping relation to the first portion 
of the first tubular member; means for plastically deforming and radially expanding the 
second tubular member to a third outside diameter; and means for plastically deforming 
and radially expanding the second tubular member to a fourth outside diameter; wherein 
the first outside diameter is greater than the second outside diameter; and wherein the 
inside diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 
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Brief Description of the Drawings 
Fig. la is a cross sectional illustraticai of a wellboro including a preexisting 
wellborecashig. 

Fig, lb is a cross-sectional illustralion of the placement of an embodiment of an 
5 ^paratus for iadialty expanding a tubular member into the wellbore of Fig. la. 

Fig. Ic is a cross-sectional illuslnition of the injection of fluidio materials thiougjj 

the apparatus of Fig. lb. 

Fig. Idisacross^ectionaliUustrationoftheiiyectionofhardenableMdi^ 

materials duoagh the c^aratus of Fig. Ic. 
10 Fig. le is a cross-sectional illnstiation of the prcssurization of the rp^oa below the 

expansion cone of the apparatus of Fig. Id. 

Fig. tf is a cross-sectional illustration of the contimied pressurization of the Tegion 
below the Bocpanaion cone of s^paratus of Fig, le. 

Fig. Ig is a cross-sectional illustration of the continued pressurization of the region 
15 below the expansion cone of the apparatus of Fig. If Mowing the removal of the over- 
expansion sleeve. 

Fig. lhisaciofis-sectiona]iUustrationofthecoii4)!etioaoffheTadi8!eKpanaiQnof 
the expandable tobularniembcr of the qi>paiBtus of Fig. Ig. 

Fig. 1 i is a ctoss-sectional ilhxstration of thp drilling out of a new section of the 
20 wellborebelow the ^paratus of Fig. Ih. 

Fig. Ij is a ciosfi^seotional illustration of the radial expansion of another 
expandable tubular member that overlaps with the i^paratus of Fig. 11. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. IL 
25 Fig, 11 is a cross-sectional illustration of the coDq)letion of the secondary radial 

expansion of tibe other expandable tubular member of Fig. Ik to form a mono-diameter 
wellbore casing. 

Fig. 2a is a cross sectional iHustratioQ of a wellbore inoluding a preexisting 
wellbore casing. 

30 Fig. 2b is a cross-sectional illustration of the placment of an embodiment of an 

apparatus &r radially expanding a tubular member into the wellbore of Fig. 2a. 
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Fig. 2c is a ctoss^ectional illustration of tho injection of fluidib materials ttirou^ 
the apparatus of Fig. 2b. 

Fig. 2d is a wosa-sectlonBl illustration of the ligection of bardeoable fhridic sealing 
materials thzough qyparatus of Fig. 2c. 
5 Fig. 2e Is a crow-sectional illustration of &o piessurization of tho region below tho 

expansion cone of the apparatus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressuiization of too region 
below the expansion cone of toe apparatus of Fig. 2e. 

Fig. 2g is a cros&^ectipml ilhistration of the completion of the radial expansion of 
10 the ejqjandable tubular member of tiie iqppamtus of Fig. 2f 

Hg. 2ii is a cioss-sectiond iUustration of the driDing out 0 
wdlbore below flie apparatus of Fig. 2g, 

Fig. 2i is a cross-sectional illustration of the radial expansion of azK>ther 
expandable tubidar rneinber that overlaps with the appa^ 
15 iqg.2j is a cross-sectional iHustration of the secondary radial expaiision of the 

other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of tho completion of toe secondary radial 
expansion of the other expandable tubular member of Fig. 2j to form a mono-diameter 
wellbore casing. 

20 Fig. 3 is a cross-sectional illustration of toe apparsAnxB of Fig. 2b illustrating toe 

design and construction of toe over-expansion insert 

Fig. 3a is a cross-sectional illustration of an alternative «nbodiment of toe over- 
expansion insert of Fig. 3. 

Fig. 4 is a cross-sectional illustration of an alternative embodiment of toe ^aratus 
25 of Fig. 2b including a resilient hook for retrieving toe over-expansion insat 

Fig. 5a is a cross-sectional illustration of a wellboro including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional illustration of toe formation of a new seition of 
wellbore casing in toe wellbore of Fig. 5a. 
30 Fig. 5c is a fiagm«5ntarycros8-sectioTiaI illustration of the placement of an 

inflatable bladder into toe new section of the wellbore casing of Fig. 5b. 
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Fig. 5d is a ftagmentaiy caross-scctional illxistratiaa of the inflation of the inflatable 
bladder of Kg. 5c. 

Pig, 5e is a crpss-sectional ilhistrction of the new section of w^oro casing of Kg. 
5d after over-expansioa 
5 Fig. 5f is a cross-sectional illustration of the new section of wdlbore casing of Fig. 

5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the fbnnation of a mono-diamotcr 
wellbore casing that inchides the new section of the wellbore casing and an additional 
section of wellbore casing. 
10 Fig. 6a is a cross-^sectional iliustrati0a of a wellbore inchiding apreexisting 

wellbore casing. 

Fig. 6b is across-sectional illustration of flio formation of a new section of 
wellbore casing in the wellbore of Fig. 6a. 

Fig. 6c is a ftsgmentary cross-sectional illustration of the placement of a roller 
1 5 radial expansion device into the new section of the wellbore casing of Fig; 6b. 

Fig. 6d is a cross-sectionai illustration of the new section of wellbore casing of Fig. 
6c after oveivexpansion. 

Fig, 6c is a cross-sectional illustration of the new section of wellbore casing of Fig. 
6d aft« (hiUmg out a new section of the wellbore. 
20 Figt 6f Is a caross-sectional iUuslradon of the fonnation of a mcmo-diametcr 

wellbore casing that mclodes the new section of ^ wellbore casing and an additional 
section of wellbore casing. 

Fig. 7a is a cross sectional illustration of a wellboie including a preexisthig 
wellbore casing. 

25 Fig. 7b is a cross-sectional illustration of the placement of an embodiment of an 

^paratus for radially expanding a tubular member into the weUbore of Fig. 7a. 

Fig. 7c is a (^ss-sectional iUustration of the injection of fluidio materials thiouc^ 
the apparatus of Fig. 7b. 

Fig. 7d is a cross-sectional illustration of the injection of haidenable fluidic sealing 
30 materials throu^ the t^aratus of Fig. 7c. 

Fig. 7e is a crofl&-secti<Hial illustration of the pressurization of the r^on below the 
expansion cone of the c^aiatus of Fig. 7d. 
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Fig, 7f is a OTss-fiocdanal illustration of the continued pressurization of dw region 
below the expaiffiion oono of this apparatus of Fig. 7e. 

Fig. 7g is a cross-ecctional ilhistratioii of the completion of the radial expansion of 
the expandable tabular member of the apparatus of Fig. 7f. 
5 Kg. Th is a cross-sectional illustration ofthedrflling out of a new 

wdlbore below the apparatus of Fig. 7s. 

Fig. 7i is a cross-sectional illustration of the completion of tbe radial expansion of 

another e3q>BiKiable tubular mexnber to foftm a mono-diameter wellbore casing* 

Fig. 8a is cxoss-sedional illustration of an wellbore inohiding a preexisting section 
10 of wellbore casing having a recessed portion- 
Fig. 8b is a Moss-sectional ilhistration of the placOTcnt of an fiqpparatus fi>r radially 

expanding a tubular member withni the wellbore of Fig. 8a. 

Fig. So is a cioss-sectional iUustration of the iiyecticn of fluidic materials 

the f^paratus Of Fig. Sb. 
1 5 Fig. 8d is a cross^ectional illustration of the injection of a hardenable fluidic 

sealing material through the apparatus of Fig. Sc. 

Fig, 8e is cross-sectbnal illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of the a{^aratus of Fig. 8d. 
Fig. 8f is acioss-sectional illustration of the phstio deformation and radial 
20 expansion of the upper portion of the expandable tubular mwnber of the apparatus of Fig. 
8e. 

Fig. 8g is across-sectional ilhistration of &e removal of the upper expansion cone 
j&om the wellbore of fig. 8f 

Fig. Sh is a cross-sectional iUustration of the continued pressuiizatiDn of the re^on 
25 below the CKpansion cone of the apparatus of Fig. 8g to thereby plastically deform and 
radially expand the expansion cone launcher and expandable tubular member. 

Hg. 8i is a cross-seotional illustration of the completion of the initial radial 
expansion process of the qiparatus of Fig. 8h. 

Fig. 8j is a cross-sectioiial illustration of tbe flirther radial expansion of the 
30 apparatus of Fig. 8i b order to fonn a mono-diameter wellbore casing. 

Fig. 9a. is a cross-sectional illustration of a wellbore including upper and lower 
preexisting wellbore casmgs that are 8q;>arated by an axial gap. 
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Fig. 9b is a ooss-scctional illustration of the coi^liug of a tubular member to the 
opposmg ends of the weUbore casings of Fig. 9a. 

Fig. 9c is a fragmentary caosB-acctioiifll iflustration of 

expansion device into tiie tobolar member of Fig. 9b. 
5 Fig/^ is a fragmentary crosa-sectionalillttBtration of t^^ 

e3q>ansion device of Fig. 9c, 

Fig. 9.e is a cross-sectional of a mono-diameter wellbore casing generated by the 
actuation of the radial expansion device of Fig. 9d. 

Hg. 10 is a cross-sectional illustration of a mooo-diamctcr wellbore casing that 
10 includes a phiraEty offers of radially expanded tubular members along at least a portion 
of the its lengtL 

Fig. 1 la is a cross-sectional iUustration of a weUbwe incloding a casing formed by 
plastically deforming and radially cxpandfaig a first tubular member. 

Fig. I lb is a cross-sectional illustration of a wellbore inchiding another casing 
15 coupled to the preexistfaig casing by plastically deforaning and radially expanding a second 
tubular member. 

Fig, I Ic is a crosa-seotional illustration of a mono-diameter wetllbore casing 
formed by radially expanding tho second tabular member a second tinie. 
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Detailed Description 

Several embodiments of methods and apparatus for forming a mono-diameter 
wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, pipelines^ or 
structural supports. Furthermore, while the present illustrative embodiments are 
described with reference to the formation of mono-diameter wellbore casings, the 
teachings of the present disclosure have general application to the formation or repair 
of wellbore casings, pipelines, and structural supports. 

Referring initially to Fig. la, a wellbore 10 mcludes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
horizontal. The preexisting wellbore casing IS may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a preferred 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (I) U.S, patent 6497289, (2) Australian patent application AU.A46417/00, 
(3) U.S. patent 6823937. (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S, pat^t 
6604763, (10) International patent application WO 01/04535, (1 1) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent application US-A*2004- 
0033906, (16) U.S. patent application US-A-2063*01 16325, and (17) U.S. patent 
application US-A-2004-004571 8, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

Referring to Fig. lb, an apparatus 1 00 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The apparatus 100 includes a tubular 
support member 105 defming a passage 1 10 for conveying fluldic materials. An 
expansion cone 115 defining a passage 120 and having an outer conical surface 125 for 
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radially expanding tubular members is coupled to an end of the tubular suj^ort 

Q member 105, An annular conical over-expansion sleeve 130 mates with and is 

g removably coupled to the outer conical surface 125 of the expansion cone 1 15. In 

several alternative embodiments, the over-expansion sleeve 130 is fabricated from 

CM 5 frangible materials such as, for example, ceramic materials, in order to facilitate the 
O 

OO removal of the over-expansion sleeve during operation of the apparatus 1 00> In this 

^ manner, the amount of radial expansion provided by the apparatus may be decreased 

Q following the removal ofthe over-expansion sleeve 130. 

^ An expansion cone launcher 1 35 is movably coupled to and supported by the 

10 expansion cone 1 15 and the over-expansion sleeve 130. The expansion cone launcher 
135 include an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 1 15 and the overrexpansion sleeve 130, an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter. A shoe 140 defining a valveable passage 145 is coupled to the 

1 5 lower portion of the expansion cone laimcher 135. In a preferred embodiment, the 
valveable passage 145 may be controUably closed in order to fluidicly isolate a region 
1 SO below the expansion cone U S and bounded by the lower portion ofthe expansion 
cone launcher 1 35 and the shoe 1 40 from the region outside of the apparatus 1 00. 
An expandable tubular member 1 55 is coupled to the upper portion of the 

20 expansion cone launcher 135. One or more sealing members I60a and 160b are 

coupled to the exterior of the upper portion of the expandable tubular member 1 55. In 
several alternative embodiments, the sealing members 160a and 160b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 

25 in addition to, the sealing members 1 60a and 1 60b. 

In a preferred embodiment, the support member 1 05, the expansion cone 1 1 5, 
the expansion cone launcher 135, the shoe 140, and the expandable tubular member 
1 55 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent 6497289. (2) Australian patent application AU-A-16417/00, (3) U.S. patent 
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2 6823937, (4) U.S. patent 63281 13, (5) US. patent 6640903, (6) U.S. patent 6568471, 

Q (7) U.S; patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 

^ International patent application WO 01/04535, (1 1) International patent q)plication 

WO 01/33037, (12) U.S. patent 6564875, (13) U,S. patent 6695012, (14) U.S. patent 
5 application US-A-2O03-O121558, (15) U.S. patentapplicationUS-A-2004-0033906, 
00 (16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent ^plication US- 

^ A-2004-004571 8, the disclosures of which are incorporated herein by reference. 

Q As illustrated in Fig. lb, in a p^ferred embodiment, during placement of the 

^ apparatus 100 within the wellbore 10, fluidic materials 165 within the wellbore 10 are 

10 conveyed through the apparatus 100 through the passages 110, 120 and 14S to a 
location above the apparatus 100. In this manner, surge pressures during placement of 
the apparatus 100 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 100 is initially positioned within the wellbore 10 sudi that the top portion of 
the tubular member 155 overlaps with the preexisting casing 15. In this manner, the 
15 upper portion of the expandable tubular member 155 may be radially expanded into 
contact with and coupled to the preexisting casing 15, As mil be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 155 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
20 expandable tubular member. 

As illustrated in Fig. Ic, a fluidic material 170 may then be injected through the 
apparatus 100 through the passages 110, 120, and 145 ui order to test the proper 
operation of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing matw-ial 175 may then be 
25 injected through the apparatus 100 through the passages 110, 120 and 145 into the 
annulus between the apparatus and the wellbore 10. In this; manner, an aimular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
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several alternative embodiments, the injection of the hardenable fluidic sealing material 
175 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 1 75 is compressible, before, during and/or after, the curing process. 
As illustrated in Fig. le, a non-hardenable fluidic material 180 may then be injected 
into the apparatus through the passages 1 1 0 and 1 20. A ball plug 1 85, or other 
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simil ar device, may tiien be mj ectcd wilh tho fhudic matedal 1 80 to fheroby s eal ofT the 
psssB&e 145. Id this maxuiery tho region 150 may be pressurized byttie continded iijection 
of the Mdic matedal 180 into the apparatus 100. 

As iUustrated in Fig. If, the contitiaed xi^ection of the fluidic material 180 into the 
5 E^aratus 100 causes the expamicm cone lauochfir 135 and expandable tabular member 
155 to be plastically deformed and radially expanded off of the over-eKpandon sleeve 130. 
la this manner, the expansion cone 1 15 and over-expansion sleeve 130 arc displaced 
rdative to the expansion cone launcher 135 and expandable tabular member 1 55 in the 
axial direction. 

1 0 AftOT a predetemiined time period and/or aiter a predetennined axial displaconent 

of tho expansion cone 115 relative to the expansion cone launcher 135 and expuidable 
tabular member 1 55, the ow-expansion sleeve 130 may be removed ftom the outer 
ccmical surface 125 of the expansion cone 115 by the application of a predetennined 
upward shock load to the support member 105. In a prefetred embiddiment, the shock load 

15 causes the firangibleover-^pansion sleeve 130 to £:acture into smaUpie^ 

forced off of the outer conical surface 125 of the expansion cone 115 by the continued 
prcssurization of the region 1 50. In a preferred embodiment, (he pieces of the over- 
expansion sleeve 130 are pulverized into grains of material by the contimiediwessurizatian 
oftho region 150. 

20 Refenring to Fig. 1 g, following the removal of the frangible over-expansion sleeve 

130, the continued pressurization of the re^on 150 causes the expandable tubular member 
155 to be plastically deibrmed and radially expanded and extruded off of the outer conical 
surfice 125 ofthe expansion cone 115. Note that the amount ofradial expansion provided 
by the outer conical surface 125 of expansion cone 115 is less than fhA amount of radial 

25 expansion provided by the combination of the over-expansion sleeve 130 and the 

e^cpansioncone 115. In this maimer, as illustrated in Fig. Ih, arecess 185 is formedin the 
radially expanded tubular member 155. 

After completing the plastic defbrmadon and radial expansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to thereby fomi an 

30 annulflr body 190 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referrii>g to Fig. li, the shoe 140 may thea removed by drillhig out the shoe using 
a conventianal drilling device. A new section of the wellbore 10 may also be drilled out in 
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order to permit additional expandable tubular members to be coupled to the bottom 
portion of the plastically deformed and radially expanded tubular member 155* 

Referring to Fig. Ij, a tubular member 200 may then be plastically deformed 
and radially expanded using any number of conventional methods of radially 
expanding a tubular member. In a prefenred embodiment, the upper portion of the 
radially expanded tubular member 200 overlaps with and mates with the recessed 
portion 18S of the tubular member 155. In a preferred embodiment, one or more 
sealing members 205 are coupled to the exterior surface of the upper portion of the 
tubular member 200. In a preferred embodiment, the sealing members 205 seal the 
interface between the upper portion of the tubular member 200 and the rcicessed portion 
185 of the tubular member 15S. In several alternative embodiments, the sealing 
members 205 may include elastomcric elements and/or metallic elements and/or 
composite elenients. In several alternative embodiments, one or more anchoring 
elements may substituted for, or used in addition to, the sealing members 205. In a 
preferred embodiment, an annular body 210 of a hardenable fluidic sealing material is 
iaUo formed around the tubular member 200 using one or more conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically deformed and 
radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A- 164 17/00, (3) U.S. patent 6823937^ (4) U.S. patent 
6328113, (5) U.S. patent 6640903, (6) U.S. patent 6568471. (7) U.S. patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent application WO 01/33037, (12) U.S. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US-A-2003-0121558, 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A* 
2003-0116325, and (17) U.S. patent application US-A-2004-0045718, the disclosures 
of which are incorporated herein by reference. 
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In an alternative embodiment, the annular body 210 may be omitted In several 
alternative embodiments, the annular body 210 may be radially compressed before, 
during and/or after curing* 

Referring to Fig. Ik, an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to plastically defonn and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members ISS and 200 are substantially equal. In this manner, as illustrated in Fig. II, a 
mono-diameter wellbore casing may be formed. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an apparatus 300 for 
radially expanding a tubular member may then be positioned within the wellbore 10. 
The apparatus 300 includes a tubular support member 305 defining a passage 3 10 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular 8upp<^ member 305. An annular conical over-expansion insert 
330 mates with and is ronovabiy coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an intermediate portion 
that mates with the expansion cone 315 and the over-expansion insert 330, an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than the 
upper outer diameter A shoe 340 defining a valveable passage 345 Is coupled to the 
lower portion of the expansion cone launcher 335. In a preferred embodiment, the 
valveable passage 345 may be controllably closed in order to fluidicly isolate a region 
350 below the expansion cone 315 and bounded by the lower portion of die expansion 
cone launcher 335 and the shoe 340 from the rc^on outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3, the over-expansion insert 330 
includes a plurality of spaced-apart arcuate inserts 330a, 330b, 330c and 330d that arc 
positioned between the outer conical surface 325 of the expansion cone 315 and the 
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inner surface of the intermediate portion of the expansion cone launcher 335. In this 
manner^ the relative axial displacement of the expansion cone 315 and the expansion 
cone launcher 335 will cause the expansion cone to over*expand the intermediate 
portion of the expansion cone launcher. In this manner, a recess may be formed in the 
radially expanded expansion cone launch^ 335. In several alternative embocUments, 
the Inserts 330a, 330b, 330c, and 330d fall out of the recess and/or are removed from 
the recess using a ccHiventional retrieval tool upon the completion of the radial 
expansion process. 

In an alternative embodiment, as illustrated in Fig. 3a, the over expansion insert 
330 further includes intermediate resilient members 331a, 331b, 331c, and 331d for 
resiliently coupling the inserts 330a, 330b, 330c, and 330d. In this manner, upon the 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert to collapse in the radial direction and 
thereby fall out of the recess. 

An e}q)andable tubular member 3SS is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355» In 
several alternative embodiments, the sealing members 360a and 360b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315, 
the expansion cone launcher 33S, the shoe 340, and the expandable tubular member 
35S are provided substantially as disclosed in one or more of the following: (I) U.S. 
patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. patent 
6823937. (4) U.S. patent 63281 13, (5) U.S. patent 6640903» (6) U.S. patent 6568471, 
(7) U.S. patent 6575240, (8) U.S. patwit 6557640, (9) U.S. patent 6604763, (10) 
International patent application WO 01/04535, (II) InterhaUonal patent application 
WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) U.S. patent 
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application US-A-2003-0121558, (15) U.S. patent application US-A-2004-0033906, 
(16) U.S. patent ^HcaUon US-A-2003-01 16325, and (17) U.S. patent q>plication US- 
A-20M-004571 8, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 2b, hi a preferred embodfanent, during placement of the 
apparatus 300 within the wellbore 10, fluidic materials 365 vrfthin the vrellbore 10 are 
conveyed through the apparatus 300 through the passages 3 1 0. 320 arid 345 to a 
location above the ^paratus 300. In this manner, surge pressures during placement of 
the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 300 is initially positioned within the wellbore 10 such that the top portion of 
the tubular member 355 overlaps with the preexisting casing 15, In this manner, the 
UHper 
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portion of the expandable tubular member 355 may be radially expanded into oontact widi 
and coupled to the preexisting casing 1 5. As will be recognized by persons having 
ordinaty skill in the art, the precise initial position of fhiQ expandable tubular member 355 
will vary as a iUnotion of the amount of radial expansion, the amount of axial shrinkage 
5 during radial expansic^i, and the material properties of the expandable tubiihir member. 
As illustrated in Fig. 2o^ ft fhiidic material 370 may then be mjected through the 
^amtus 300 through the passages 3 1 0, 320, and 345 in order to tost the proper operation 
of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealing material 375 may then bo 
10 in) ected througih the apparatus 300 through the passages 3 1 0, 320 and 345 into the annulus 
between the ^paratus and the weilbore 10. In ^s maxuiert an annular barrio to fluid 
migration into and out of the weilbore 10 may be formed around the radiaUy expanded 
expansion cone launcher 335 and expandable tubular member 355. The hardenable fiuidio 
sealing material may include, &r example, a cement mixture, hi several alternative 
1 5 embodiments, the iiuection of the hardmble fluidic sealing material 375 may be omitted, 
hi several alternative embodiments, the hardenable fluidic sealing material 375 is 
con^iessible, beforei, during and/or after, die curing process. 

As illustrated in Fig, 2e, a non-hardenable fluidic material 380 may then be 
injected into die appzrstas through the passages 310 and 320. A ball plug 385, or other 
20 similar device, may then be injected with the fluidic material 380 to dimby seal off the 
passage 345. in this maimer, the region 350 may be pressurized by the continued injection 
of the flxiidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f, the continued injection of the fluidic mat&ial 380 into the 
apparatus 300 causes the e>q)ansion cone launcher 335 to be plastically deformed and 
25 radially expanded ofTof the over-expansion insert 330. In this manner, the expansion cone 
315 is displaced relative to the expansion cone launcher 335 and expandable tubular 
member 355 in the axial direcdon. 

Once the radial expandon process has progressed beyond the over-expansion insert 
. 330, the radial e]q)ansion of the expansion cone launcher 335 and expandable tubular 
30 member 355 is provided solely by die outer conical surface 325 of the expansion cone 315. 
Note that the amount of radial expansion provided by the outer conical surfkce 325 of 
expansion cone 315 is less than the amount of radial expansion provided by the 
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combination of tfao over>cxpansi<m insert 330 and the expansion cone 315. In this maimfir, 
as illustrated in Fig. 2g, a zecesa 390 is fbnned in the radially expanded tubular member 
355. 

In several alteniative embodiments, &e over-mansion ins^ 
5 the recess 390 by Mling out and/or removd using a conventianal retrieval tool. Ihan 
altemative embodiment, the resilient force provided by the resilient members 331d, 33 lb, 
331c, and 33 Id cause the insert 330 to coHspso in the radial direction and thereby fall out 
of the recess 390. In an alternative embodhnent, as illustr&ted in Fig. 4, one or more 
resilioit hooks 395a and 395b are coupled to the bottom of the o}q)an8ion cone 3 15 for 
10 retrieving the ov^-expandon hisezt 330 duxing or after the completion of the radial 
expansion process. 

Afier completing ttie plastic defcmnation and radial expansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to thereby form an 
annular body 400 that provides a barrier to fluid flow into or out of the wllbore 10. 

1 5 Kefening to Fig. 2h, the shoe 340 may then removed by drilling out the shoe using 

a conventional drilling device. A new section of the wellbore 10 may also be drilled out in 
order to pemut additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 355. 

Referring to Fig. 2j, a tubular member 405 msy then be plastically deformed and 

20 radially expanded using any number of conventional methods of radially expanding a 
tubular member. In a preferred embodiment, the upper portion of the radially expanded 
tubular member 405 overl^s with and mates with the recessed portion 390 of the tubular 
member 355. In a preferred embodiment, one or more sealing members 410 are coupled to 
the exterior surface of tiie upper portion of the tubular member 405. In a preferred 

25 embodiment, the sealing members 410 seal the interface between the upper portion of the 
tubular member 405 and the recessed portion 390 of the tubular member 355. In several 
alternative mibodiments, the sealing members 410 may include elastomeric elements 
and/or metallic elements and/or composite elements. In several altemative embodiments, 
one or more anchoring elements may substituted fiir» ox used in addition to, the sealing 

30 members 410. hi a preferred embodiment, an annular body 415 of a hardenable fluidic 
sealing material is also formed around the tubular member 405 using one or more 
conventional methods. 
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In a preferred embodiment, the tubular member 405 is plastically deformed and 
radially expanded, and flie annular body 415 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU.A-16417/D0, (3) U.S. patent 6823937, (4) U.S- patent 
6328113, (5) U.S. patent 6640903, (6) U.S. patent 6568471, (7) U.S. patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent application WO 01/33037, (12) U.S. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US-A-2003-0121558, 
(15) U.S. patent application US.A-2004-0033906, (16) U.S. patent application US-A- 
2003-01 16325, and (17) U.S. patent ^plication US-A-2004-0045718, the disclosures 
of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 415 may be omitted. In several 
alternative embodiments, tiie annular body 415 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the interior diameter of tiie tubular 
members 355 and 405 are substantially equal. In this manner, as ilhistrated in Fig. 21c, 
a mono*diameter wellbore casing may be formed. 

Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and tiiereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 510 may also be 
formed around the tubular member 500 using any number of conventional methods. In 
a preferred embodiment, the tubular member 500 is plastically deformed and radially 
expanded and the annular body 510 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A- 164 17/00, (3) U.S. patent 6823937, (4) U.S. patent 
6328113, (5) U.S. patent 6640903, (6) US. patent 6568471, (7) U.S. patent 6575240, 
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(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535; (II) International patent application WO 01/33037, (12) U.S. patent 
6564875, (13) U.S. patent 6695012, (14) U.S. patent application US-A-2003-0121558. 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-0045718, the disclosures 
of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 510 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 5c and 5d, a conventional inflatable bladder 515 may then be 
positioned within the tubular member 500 and inflated to a sufficient operating 
pressure to plastically defonn and radially expand a portion of the tubular member to 
thereby form a recess 520 in the tubular member. 

Referring to Figs. Se and 5f, the inflatable bladder 515 may then be removed 
and the shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular member 525 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
525, an annular body 530 of a fluidic sealing material may be formed around the 
tubular member in a conventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several alternative embodiments, the inflatable bladder 515 may be coupled 
to the bottom of an expansion cone in order to permit Ae over-expansion process to be 
performed during the radial expansion process implemented using the ^pansion cone. 

Referring to Figs 6a-6b, in an alternative embodiment, a tiibuiar member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 610 may also be 
formed around the tubular member 600 using any number of conventional methods. In 
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a preferred embodiment, the tubular member 600 is plastically defonned and radially 
expanded and the annular body 610 is formed using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent 6497289, (2) 
Australian patent application AU-A- 164 1 7/00, (3) U.S. patent 6823937. (4) O.S. patent 
63281 13, (5) U.S. patent 6640903, (6) U.S. patent 6568471, (7) U.S, patent 6575240, 
(8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) International patent application 
WO 01/04535, (11) International patent application WO 01/33037. (12) U.S. patent 
6564875, (13) U.S. patent 6695012. (14) U.S. patent application US.A-20O3-O121558, 
(15) U.S. patent application US-A-2004-0033906, (16) U.S. patent application US-A- 
2003-0116325, and (17) U.S. patent application US-A-2004-0045718, the disclosures 
of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 610 may be omitted or 
may be compressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically deform and radially expand a portion of the tubular member to thereby form 
a recess 620 in the tubular member. As will be recognized by persons having ordinary 
skill in the art, a roller expansion device typically utilizes one or more rollers that, 
through rotation of the device, apply a radial force to the interior surfaces of a tubular 
member. In several alternative erabodimaits, the roller expansion device 615 may 
include eccentric rollers such as, for example, as disclosed in U.S. Pat Nos. 5,014,779 
and 5,083,608, the disclosures of which are incorporated herein by reference. 

Referring to Figs. 6d and 6e, the roller expansion device 615 may then be 
removed and the shoe 605 drilled out using a conventional drilling device. 

Refenring to Fig. 6f, an additional tubular member 625 may then be plastically 
deformed and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
wellbore casing. Before, during or after the radial expansion of the tubular member 
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625, an annular body 630 of a fluidic sealing material may be formed around the 
tubular membw in a conventional mannw and/or by using one or more of the methods 
and ^)paratus described above* 

In several alternative embodiments, the roller expansion device 615 may be 
coupled to the bottom of an expansion cone in order to permit the ovw-expansion 
process to be performed during the radial expansion process implemented using the 
expansion cone* 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore 
casing 15, The wellbore 10 may be oriented in any orientation from the vertical to the 
horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a prefeiied 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in one or more of the 
following: (1) U.S. patent 6497289, (2) Australian patent application AU-A- 164 17/00, 
(3) U.S. patent 6823937, (4) U.S. patent 63281 13, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patwit 
6604763, (10) International patent application WO 01/04535, (11) Intematiooal patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (15) U.S. patent application US-A-2004- 
0033906. (16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent 
application US-A-20D4-0045718, the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 15 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 

Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular member 
may then be positioned within the wellbore 10. The ^paratus 700 includes a tubular 
support member 705 defining a passage 710 for convoying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 for 
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radially expanding tubular membm is coupled to an end of the tubular support 
member 705, 

An expansion cone launcher 735 is moyably coupled to and supported by (he 
expansion cone 715. The expansion cone launcher 735 includes an upper portion 735a 
having an upper outer diameter, an intermediate poztion 735b diat mates with the 
expansion cone 71 5» and a lower portion 735c having a lower outer diameter* The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 
the expansion cone launcher 735. hi a preferred embodiment, the valveable passage 
745 may be controllably closed in order to fluidicly isolate a region 750 below the 
expansion cone 715 and bounded by the lower portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 
expansion cone launcher 735. One or more sealing members 766a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 
in addition to» the sealing members 760a and 760b. 

In a preferred embodiment, the support member 70S, the expansion cone 715, 
the expansion cone launcher 735, the shoe 740, and the expandable tubular member 
755 are provided substantially as disclosed in one or more of the following; (1) U.S. 
patent 6497289, (2) Australian patent application AU-A- 164 17/00, (3) U.S. patent 
6823937, (4) U.S. patent 63281 13, (5) U.S. patent 6640903. (6) U.S. patent 6568471. 
(7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, (10) 
International patent application WO 01/04535, (11) International patent application 
WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) U.S. patent 
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application US.A-2003-0121558, (15) U.S. patent application US.A-20O4-0033906, 
(16) U.S. patent application US-A-2003-0116325, and (17) U.S. patent application US- 
A-2004-0045718, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 7b, in a prefOTcd embodiment, during placement of the 
apparatus 700 within the wellborc 10, fluidic materials 765 within the wellboic 10 are 
conveyed through the apparatus 700 through the passages 710, 720 and 745 to a 
location above the c^paraCus 700. In this manner, surge pressures during placement of 
the apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 700 is initially positioned within the wellbore 10 such that the top portion of 
the tubular member 755 overlaps with the preexisting casing 15. In this manner, the 
upper portion of the expandable tubular member 755 may be radially expanded into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the precise initial position of the expandable 
tubular member 755 will vaiy as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 

As illustrated in Fig. 7c, a fluidic material 770 may then be injected through the 
apparatus 700 through the passages 710, 720, and 745 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic scaling material 775 may then be 
injected through the apparatus 700 through the passages 710, 720 and 745 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration into and out of the wellbore 10 may be formed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluidic seating material may include, for example, a cement mixture. In 
several alternative 
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embodimexits, the injectioa of tfao hardenablc floidic sealing material 775 maybe omitted. 
In several alternative embodimoits, the haidcoable fhiidic sealmg material 775 is 
compressible, before, daring aad/or after, &b cuiing process. 

As illustrated in Fig. 1% a non-hatdenable flddic material 780 may then be 
S injected into the apparatus through the passages 71Q and 720. A ball plug 785, or oth^ 
similar device, may then be injected with the fluidio material 780 to thereby seal off the 
passage 745. In this manner, the region 750 may be pressurized by the continued injection 
of the fiuidic material 780 into the apparatus 700. 

Afi illustrated in Figs. 7f and 7g, the continued mjection of the fluidic material 780 
10 into the apparatus 700 causes the expansion cone launcher 735 and expandable tubular 
member 755 to be plastically de&tmied and radially B>q>anded off of the expansion cone 
715. Hio resulting stnictm« includes a lip 790. 

After completing the plastic deformation and radial cxpansioti of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thereby form an 
1 5 annular body 795 that provides a banier to fluid flow into or out of the wellbare 10. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling but the shoe using 
a conventional drilling device, A new section of the wellbore 10 may also be drilled out in 
Older to permit additional eiq)andable tubular members to be coupled to the bottom portion 
of the plfisticaUy defonned and radially expanded tubular member 755. 
20 Referring to Fig. 7i, an additional tubular member 800 may then be plastically 

de&rmed and radially expanded in a conventional manner and/or by using one or more of 
the methods and qyparatus described above in order to ftmn a mono-diameter wellbore 
casing. Before, during or after the radial expansion of the tubular member 800, an annular 
body 805 of a fluidic sealing material maybe formed around the tubular member in a 
25 conventional manner and/or by using one or more of the methods and apparatus described 
above. In a preferred embodiment, the lip 790 iacilitates the coupling of the tubular 
member 800 to the tubular member 755 by providing a region on ^ch the tubular 
member 800 may be easily coYq)led onto. 

Refening to Fig. 88, in an altmative emboduneut, a wellbore 10 includes a 
30 preexisting section of wellbore casing 1 5 and 900. The wellbore casmg 900 includes 
sealingmemberB905aand905band a recess 910. Anannularbody915of afluidio 
sealing material may also be provided around the casing 900. The casing 900 and annular 
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body 915 may be provided using any number of conventional methods, the methods 
described above, and/or using one or more of the methods disclosed in the following: 
(1) U.S. patent 6497289, (2) Australian patent ^plication AU-A-16417/00, (3) U.S. 
patent 6823937, (4) U.S. patent 6328113. (5) U.S. patent 6640903, (6) U.S. patent 
6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 6604763, 
(10) International patent application WO 01/04535, (11) International patent 
application WO 01/33037, (12) U.S. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558, (IS) U.S. patent application US-A-2004- 
0033906, (16) U.S. patent application US-A-2003-01 16325, and (17) U.S. patent 
application US-A-2004-0045718, the disclosures of which are incorporated herein by 
reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular member 
is then positioned within the wellbore 10 that includes a tubular support member 1005 
that defines a passage 1010 for conveying fluidic materials. A hydraulic locking 
device 1015 that defmes a passage 1020 for conveying fluidic materials that is fluidicly 
coupled to the 
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passage 1010, Hio loddng device 1015 further includes inlet passages, 1020a and 1020b» 
actuating chambeis, 1025a and 1025b» and locking membeis, 1030a and 1030b. During 
operation^ the injection of flnidic matedals into the actuating chambers, 1025a and 1025b, 
causes the locking members, 1030a and 1030b, to be displaced outwardly in the radial 
5 directioa In this manner, the locking device 10 15 may be controllablycoi^Ied to a 
tubular member to therd)y maintain the tubular member in a substantially stationary 
position. As wiU be recognized by penxms having ordinal^ skill in the art, the o 
pressures and physical shs^ of the inlet passages 1020, actuating chambers 1025, and 
locking members 1030 will detexmine the maxfmiim amount of holding force provided by 

1 0 the locking dcfvice 1015. In sevetal alternative embodiments, fluidic materials may be 
objected into the locking device 1015 using a dedicated fhiid passage in order to provide 
precise control of the locking device* In several alternative embodiments, the locking 
device 1015 may be omitted and the tubular support member 1 005 coupled directly to to 
tubular support member 1035« 

1 5 One end of a tubular support miember 1035 that defines a passive 1040 is coupled 

to the locking device 1015. The passage 1040 is fluidioty coupled to the passage 1020. 
An expansion cone 1045 that defines a passage 1050 and includes an outer conical surfoce 
1055 is coupled to another end of the tubular siqiport member 1035. An e7q)ansio]i cone 
launcher 1 060 is movably coupled to and supported by the expansion cone 1 045. The 

20 expansion cone launcher 1060 includes an upper portion 1060a having an upper outside 
diameter, an intermediate portion 1060b that mates with the expansion cone 1045, and a 
lower portion 1060c having a lower outside diameter. The lower outside diameter is 
greater than the upper outside diameter. 

Ashoe 1065 that defines a valveable passage 1070isoouplcdto the Iowa portion 

25 1060c of the expansion cone launcher 1060. In this manner, a region 1075 below the 

expansion cone 1045 bzkI bounded by the expansion cone launcher 1060 and the shoe 1065 
maybe pressurized and fluidicly isolated fiom the aimular regicni between the apparatus 
1000 and the wellbore 10. 

An expandable tubular member 1080 is ooiipled to the upper portion of to 

30 expansion cone launcher 1 060. In several alternative embodiments, one or more sealing 
members are coupled to the exterior of to upper portion of the expandable tubular 
member 1080. In several alternative embodiments, to sealiog members may include 
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elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring dements may substituted for, or used 
In addition to» the sealing members. 

An expansion cone 1085 deflning a passage 1090 for receiving the tubular 
support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support member 1005 
is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cone. 

In a preferred embodimrat, the support members 1005 and 1035, the expansion 
cone 1045, the expansion cone launcher 106O, the shoe 1065, and the expandable 
tubular member 1080 are provided substantially as disclosed in one or more of the 
foUowiiig: (1) U.S. patent 6497289, (2) Australian patwit application AU-A- 164 17/00, 
(3) US. patent 6823937, (4) U.S. patent 6328113, (5) U.S. patent 6640903, (6) U.S. 
patent 6568471, (7) U.S. patent 6575240, (8) U.S. patent 6557640, (9) U.S. patent 
6604763, (10) International patent application WO 01/04535, (11) International patent 
application WO 01/33037. (12) US. patent 6564875, (13) U.S. patent 6695012, (14) 
U.S. patent application US-A-2003-0121558. (15) U.S. patent ^plication US-A-2004- 
0033906, (16) U.S. patent application US-A-2003-01 16325, and (17) UiS. patent 
^plication US-A-2004-0045718, the disclosures of which are incorporated herein by 
reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
apparatus 1000 within the wellbore 10, fluidic materials 1 1 10 within the wellbore 10 
are conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 
placement of the apparatus 1000 within the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned within the wellbore 10 such that 
the top portion of the tubular member 1080 overlaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
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member 1080 may be radially expanded into contact with and coupled to the recess 910 
of the preexisting casing 900. 

As illustrated in Fig. 8c, a fluidic material 1115 may then be injected through 
the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test die 
prop^ operation of these passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then be 
Injected througji the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 
into Ae annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 10 may be formed around the 
radially expanded expansion cone launcher 1060 and expandable tubular member 
1080. The hardenable fluidic sealing material may include, for example, a cement 
mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 1120 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 1120 is compressible, before, during and/or after, 
the curing process. 

As illustrated in Fig. 8e, a non-hardenable fluidic material 1125 may then be 
injected into the apparatus 1000 through the passages 1010, 1020 and 1040. A ball 
plug 1 130, or other similar de\dce, may then be injected with the fluidic material 1 125 
to thereby seal off the passage 1070. In this manner, the region 1075 may be 
pressurized by the continued iiyection of the fluidic material 1 125 into the apparatus 
1000. Furthermore, in this maimer, the actuating chambers, 1025a and 1025b, of the 
locking device 1 0 1 5 may 
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be pressurized. Jn this manner, the tubular mecnber 1080 may be held in a substantially 
staticnaiy position by the locking deWce 1015. 

As illustrated in Fig. Sf, the expansion cone 1 085 may then be actuated in the 
downward direction by a direct application of axial fbrce uamg die sappoxt naanber 1 100 
5 and/or through the application of fhiid force. Tbe axial displacement of the eiqiansion 
cone 1 085 may plastically deform and radially expand the upper portion of the expandable 
tubular monber 1080. In this manner, the uppo: portion of the expandable tubular 
member 1080 may be precisely coupled to die recess 910 of the preexisting casing 900. 
During the downward actuation of the expansion cone 1085| the locking member 
10 1015 pre^bly prevents axial dieplacement of tiie tubularmembei 1080. Id apre&rred 
embodiment, the locking member 1015 is positioned proximate the upper portion of the 
tubular member 1080 in order to prevent buckling of the tubular member 1080 during the 
radial expansion oftheuppor portion of the tubular member. Li an alternative 
embodiment, the locking member 1015 is omitted and the interference between tiie 
1 5 intennediate portion* 1 060b of the expansion cone launcher 1 060 and the expansion cone 
1045 prevents the axial displacement of the tubular member 1080 during the radial 
expansion of the upper portion of the tubular member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be raised out 
oftiiewellborelO. 

20 As illustrated in Fig. 8h, the continued injection of the fluidic material 1 125 into 

the apparatus 1000 may then cause tite expansion cone launcho: 1060 and the expaixlable 
tubular member 1080 to be plastically deformed and radially expanded offof the 
expansion cone 1045. In this manner, die expansion cone 1045 is displaced relative to the 
expansion cone launcher 1060 and expandable tubular member 1 080 in the axial direction. 

25 In a prefecred embodiment the axial f3rces created during die radial expansion process are 
greater than the axial forces generated by the lockii^ device 1015. As will be recognized 
by persoxu having ordinary skill in the art, the precise relationship between these axial 
forces will vary as a function of the operating characteristics of the locking device 1015 
and the metallurgical properties of the expansion ccme loundier 1 060 and expandable 

30 tubular 1080. Di an alternative embodiment, the operating pressures of the actuating 

chambers, 1025a and 1025b, and the region 1075 arc separately controllable by providing 
separate and dedicated fluid passages for pressurizing each. 
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As illustrated in Pig. 8i, after completing the plastic defaimatioii and radial 
expansion of the tubular member 1080, the hanknable fluidic sealing material is allowed 
to cmo to theteby fcm an annular body 1130 that provides a bairiex to fhu 
out of the weilbore 10. The shoe 1065 may then removed by drilling out the shoe using a 
5 conventional drilling device. A hew section of the weilbore 1 0 may also be driUed out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically defonned and radially expanded tubular member 1 080. 

In an alternative embodim^t, the annular body 1 130 may be omitted. In several 
alternative embodiments, the annular body 1 130 may be radially compressed before^ 
10 during and/or after curing. 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter weilbore 
casing. 

Referring to Fig. 9b, a weilbore 1200 inchides an Mpper preexistmg casing 1205 
15 and a lower pie^ting casmg 1210. The casings, 1205 and 1210, may fbrther include 

outer armular layers of fluidic sealing materials such as, for example, cement The ends of 

(he casings, 1205 and 1210, are separated by a gE^ 1215. 

Referring to Fig. 9b, a tubular member 1 220 may then be coupled to the o]^)osing 

ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. ]bi aprefeired 
20 embodiment, the tubular member 1220 is coupled to the opposing ends of the casings, 

1205 and 1210, by plastically deformbg and radially expanding the tubular member 1220 

using one or more of (he methods and aj^aratus described and referenced above. 

Referring to Fig. 9c, amdial expansion device 1225 may then be positiDned within 

the tubular member 1220. In a preferred embodiment, the length of the radial expansion 
25 device 1225 is greatca: than or equal to the axial lengOi of the tubular member 1220. Li 

several alternative embodiments, the radial e}q)ansion device 1 225 may be any number of 

conventional radial expansion devices such as, for example, expansion coizes actuated by 

hydraulic and/or direct axial force, roller expansion devices, and/or expandable hydraulic 

bladdm. 

30 Referring to Figs. 9d and 9e, after actuation and subsequent dc-actuation and 

removal of the radial expansion device 1225, the inside diameters of the caangs, 1205 and 
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1210, arc substantially equal to &e inside diameter of the tubular member 1220. In this 
manner, a mono-diameter wellbore casing m^ be fimned. 

Referring to Fig. 10, a wellbore 1 300 includes an outer tubular member 1305 and 
an inner tubular member 1310. In aprefened eaniibodiment, the tubular mrabers, 1305 and 
5 1310, are plastioally deifimned and radially expanded using one or more of (he methods 
and q>paratns described and roferencod above. In Uns manner, a wellbore casing may be 
provided whose burst and collq>s6 strengtfi may be precisely controlled by varying the 
number, thickness, and/or material properties of flie tubular mcmbera, 1305 and 1310. 
Retoing to Fig. 11a, a wellbore 1400 includes a casix^ 1405 that is coupled to a 
1 0 preexisting casing 1410. In a prefSsnred embodiment, one or more sealing monbeni 141 5 
are coupled to the exterior of the upper portion of the tubular rawnber 1 405 in order to 
optimally seal the interface between the tubular member 1405 and the preexisting casing 
1410. a prefenred embodiment, the tubular member 1405 is plastically defbnned arid 
radially expanded using conventional methods and/or one or more of the mrthods and 
15 q^yaratus described and referenced above, hi an exemplary embodiment, the outside 
diameter of tiie tubular manber 1405 prior to the radial expansion process is ODo, the wall 
thickness of the tubular member 1405 prior to the radial expansion process is to, the 
outside diameter of the tubular member following the radial expansion process is ODj, and 
the wall thickness of the tubular member followipg the radial expansion process is t|. 
20 Referring to Fig. 1 lb, a tubular member 1420 may then be coupled to the lower 

portion of the tubular member 1405 by plastically deforming and radially expanding the 
tubular member 1420 using convaitional methods and/or one or more of the methods and 
apparatus described and refiarenced above. In a prefiwred embodiment, the exterior surfece 
of the upper portion of the tubular member 1420 includes one or more sealing members for 
25 scaling the interface bctwowi the tubular member 1420 and the tubular ihember 1405. 

RefeningtoFig, llc,lowerportionofthe tubular member 1405 and ttie tubular 
member 1420 nuiy be radially expanded again to provide a mono-diameter wellborn 
casing. The additional radial expansion maybe provided using conventional methods 
and/or one or more of the methods and apparatus described and refaenced above. In an 
30 exenq)lary embodiment, the outside diameter and wall thickness of the lower portion of 
the tubulai member 1405 alter the additional radial expansion proc^ are OD, andt,. 
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Tlie radial expansion |kxoces8 of Figs. 1 lb-1 Ic cm then be iq)eated to provide a 
mono-diameter wellboie casing of virtually unlimited Ieag&. 

Li several alternative raibodiments, tbd oidsting of the radial expansions of the 
tubular members, 1405 and 1420, nuy be changed. For exmpho, tiie first tubular member 
5 1405 may be plastically deformed and radially expanded to provide a lower portion having 
the outside diameter OD, and the remaining portion having the outside diamet^ QD|. The 
tubular member 1420 may then be plastically defonncd and radially expanded one or more 
times until the inside diameters of the tubular members, 140S and 1420, are substantially 
equal. The plastic defbrmations and radial expansions of the tubular members, 1405 and 
1 0 1420, may be provided using conventional methods and/or one or more of the methods and 
i^paratos described and referenced above. 

lu an exemplary embodiment, the total expansion strain £ of the tubular member 
1405 may be expressed by ^e following equation: 

E^{OD,-OD,)/OD, (1) 

15 where ODq^ original outside diameter, 

ODt = outside diameter after 1" radial expansion; and 
OD2 = outside diameter after 2°^ radial expansicHi* 
FurtheDuore^ in an exemplary embodiment, whoe: (1) the extoior surface of the 
upper pcMlicm of (he tubular member 1420 includes sealing members, and (2) the radial 
20 spacing between the tubular member 1405 and the wellbore 1400 prior to the first radial 
expansion is equal to d, the outside diameters, OD, and OD2, of the tubular member 1405 
foUowmg the first and second radial expansions may be expressed as: 
OD^^OD^^2d^2t^ (2) 
OC^ = C!Di + 2iJ+2rj (3) 

where ODq » theoriginalautddediameterof the tubular member 1405; 
25 ODi *" the outside diameter of the tubular member 1405 

followmg the first radial expansion; 
OD2 " the outside diameter of the tubular member 1405 

following the second radial expansion; 
d » the radial spacing between the tubular member 1405 
30 and the wdlbore prior to the first radial expansioii; 
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tj " thewalltbicknessofthetubularincmber 1405 after 

the fist radial eiq>aii8ion; 
ii » the wall thickness ofthe tubular member 1405 after 
the second radial expansion; and 
5 R ^ thetMdoiess of sealing member provided on tibe 

exterior sorfece of the tubular member 1420. 
Furthecnnoio, in an exemplary embodiment^ for d approxirmUely equal to 0.25 
inches and R approximately equal to 0.1 inches, equation (1) can be approximated as: 

£=:(o.7"+3.7/o)/aDo (4) 

10 where tg « the originalwall thickness of the tubular member 

1405. 

In an exenq)lary embodiment, the total expansion strain of the tubular member 
1 405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, fiom equation (4) the ratio of the 
1 5 origihal outside diameter to the origmal wall thickness {ODf/t^ may be expressed as: 

OD^/tQ>3B/(03- 0.7 /OD^ (5) 

Thus, in a prefOTed embodiment, for ODq less than 10 inches, the optimal ratio of 
the origind outside diameter to the origmal waE thickness (ODf/to) may be expressed as: 

ODJt.^U (6) 

20 in this manner, for typical tubular members, the burst and collapse strength of the 

tubular members following one or more radial expansions are maximized ^en the 
relationship in equation (6) is satisfied. Furthennore, the relationahips expressed in 
equations (1) through (6) are vaHd regardless of die order or type of the radial expansions 
of the tubular m^nober 1405, More generaEy, the relationships expressed in equations (1) 

25 through (6) may be applied to the radial expansion of structures having a wide range of 
profiles sudi as, for exan^lci, triangular, rectangular, and ovaL 

An apparatus for plastically d^onoung and radially expanding a tubular member 
has been described fliat inchides means &r plastically defonning and radially expanding a 
first portion of the tubular member to a first outside diameter, and means for plastically 

30 deforming and radially expanding a second portion of the tubular member to a second 
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outsido diameter. In a preferred cmbodimcat, the first outsida diameter is greater than the 
second outside diameter. la a prefetred embodiment, the means for plastically defbmucg 
and radially expandiiig the &6t portion of the tubular member to the first outside diameter 
is removabla In a preferred embodiment* the means fin- plastically deforming and radially 
5 expanding the first portion of ^e tubular member to tfie first outside diameter is fiiangtble. 
In aprcferrcd embodiment, the moans for plastically deforming and radially expandhig the 
first portion of the tubular member to the first outside diameter is elastic. In a pzeforred 
embodiment, the means for plastically deforming and radially expanding die first portion 
of the tubular member to the first outside diameter includes means for flying a radial 

1 0 force to the first portion of the tubular member. In a prefenred embodimentp the means for 
plastically defcHining and radially expanding the first portion of the tubular member to the 
first outside diameter is tnfiatablo. In a preferred embodiment^ the means for plastically 
defonning and radially expanding the iirst portion of the tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first portion of 

IS &e tubular m^nber. 

An ^paratus for plastically deforming and radially expanding a tubular member 
has also been described that inchides a tubular siqrport member inoluding a iiist fiuid 
passage, an expansion cone coupled to the tubular support member having a second fluid 
passage fiuidicly coupled to the first fluid passage and an outer conical surface, a 

20 removable annular conical sleeve coupled to fiie outer conical surface of the expansion 
cone, an annular expansion cone launcher coij^led to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an end of 
. the e^qmdon cone launcher. In a preferred embodiment, the conical sleeve is fiangible. 
In a preferred embodiment, the conical sleeve is clastic. In a prefisired embodiment, the 

25 conical sleeve includes a plurality of arcuate elraients. 

A method of plastically defoiming and radially expanding a tubular member has 
also been described that includes plastically defonning and radially expanding a portion of 
the tubular member to a first outside diameter, and plastically deforming and radially 
sanding another portion of the tubular member to a second outside diameter. In a 

30 preferred embodiment, the first diameter is greater than the second diameter. Lia , 
prefeued embodiment, plastically defonning and radially expanding the portion of the 
tubular member includes applybg a radial force to the portion of the tubular member using 
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a conical sleeve. In a pieferredembodixnent^ corneal sleeve is fiangibla Inapreftmd 
embodiment^ tbe conical sleeve is elastic. In a prafeiTed embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a preferred embodiment, plastically dcfonning 
and radially estpanding the portion of the tubular member includes flying a radial force 
5 to the porti(mofthB tubular member using an inflatable bladder. In a prefixed 
embodhnent, plastically deforming and radially expanding the portion of the tubular 
member includes qjplyiog a radial force to the portion of the tubular member using a roller 
OTcpansion device. 

A meOiod of coupling a first tubular member to a second tubular member has also 

1 0 been described that includes plastically deforming and radially expanding a first portion of 
the first tubular member to a first outside diameter, plastically defonning and radially 
expanding another porti(m of the first tubular member to a second outside diameter, 
positioning the second tubular member inside &e first tubular member in overi^pi^g 
relation to tlie first portion of the first tubular member, plastically deforming and radially 

1 5 ecpanding the second tabular member to a third outside diameter, and plastically 

deforming and radially expanding the second tubular member to a fourth outside diameter. 
The inside diameters of the first and second tubular members after the plastic deibrmations 
and radial expansions are substantially equal. Ja a preferred embodiment, the first outside 
diameter is greater than the second outside diameter. In a prewired embodiment, 

20 plastically deforming and radially expanding the first portion of the first tubular member 
includes e|>plying a radial force to the portion of the tubular member using a conical 
sleeve. In a preferred embodiment, the conical sleeve is firangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preforred embodiment, the conical sleeve 
includes a plurality of amiate elements. In a preferred embodiment, plastically deforming 

25 and radially expanding the first portion of the first tubular member includes applying a 
radial force to the first portion ofthe first tubular member usbg an inHatable bladder. In a 
preferred embodiment, plastically deforming and radially ejcpandiiig the first portion of the 
first tubular meinber includes applying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

30 An {^paratus for coupling a first tubular member to a second tubular m^nber has 

also been described fiiat includes means for plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, means for plastically 
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defonning and radially expanding another pcrtioa of fhe fizst tubular momber to a second 
outside diameteTi means Sot positioning the second tubular member inside the first tubular 
member in overlapping relation to die first portion of tho firet tubular member* means for 
plastically deforming and radially expanding the second tubular member to a third outside 
S diameter; and means for plastically defbrming and radially expanding the second tubular 
member to a fomlb outside diameter. The mside diameters of the first and second tubular 
members after the plastic deformations and radial eixpanaions are substantially In a 
preferred embodhnoit, the first outside diameter is greater than the second outside 
diameta. In a prefened embodiment, the means for plastically defonning and radially 

10 expanding the first portion of the first tubular member ixKludes means for applying a radial 
force to die portion of tho tubular membor using a conical sleeve. Liaprefeired 
embodiment, the conical sleeve is fiangible. hi a preferred embodiment, the conical sleeve 
is elastic. In a preferred embodiment, the conical sleeve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 

IS expanding the first portion of the first tubular member includes means for applying a radial 
foice to the first portion ofthe first tubular member usmg an inflatable bladder. In a 
preferred embodiment; die means for plastically deforming and radially expanding the first 
portion of the first tubular monber includes means for applying a radial force to the first 
portion of the first tubular member using a lollo' expansion device. 

20 An apparatus for forming a wellbore casing within a wellbore has also been 

desoribed that includes moans for sq>porting a tubular member within the wellbore, means 
for plastically defomdog and radially expanding a first portion of the tubular member to a 
first outside diameter, and means forplastically deforming and radially expanding a 
second portion of the tubular member to a second outside diameter. In a preferred 

25 embodiment, the first outside diameter is greater than the second outside diameter. £n a 
prefen^ embodiment, the means for plastically defonning and radially expanding the first 
portion of the tubular member to the first outside diameter is removable, hi a preferred 
embodiment, the means for plastically defotming and radially expanding the first portion 
ofthe tubular member to tiie first outside diameter is finmglble. hi a preferred 

30 embodiment, the means for plastically deformmg and radially expanding die first portion 
of the tubular member to the first outside diameter ia dastio. hi a preferred embodiment, 
die means for plastically deforming and radially expanding the fint portion of the tubular 
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membex to the iirst outside diameter inclodes means for implying a radial fbice to the first 
portion of the tubular member. In a pre&ned embodimait, the means &a plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter is inflatable. In a prefetred embodiment, the means for plastically 
S defonnittg and radially expanding the first portion of the tubular member to the first 
outside diameter inchides rolling means for c^plying radial pressure to the first portion of 
the tubular member. Jn a preferred embodiment, tbe {^aratus fiurtiiBr inchides means for 
forming an annular body of a fiuidic sealing material within an annulua between tho 
tubular member and the wellbore. 

10 An espipmXoB for formirtg a wellbore casing within a wellbore has also been 

described that inchides a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to (he first fluid passage and an outer conical surface^ a removable 
annular conical sleeve coupled to the outer conical sur&co of the expansion cone, an 

1 S aimular expansion cone launcher coupled to the conical sleeve and a lower portion of the 
. tubular member, and a shoe having a valveable passage coupled to an end of the expansion 
cone laundier. In a prefen:ed embodiment, tho conical sleeve is firangible. Jn a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
inchides a plurality of arcuate elements. 

20 A method of forming a wellboro casmg within a wellbore has also been described 

that inchides supporting a tubular member wiQiin a wellbore, plastically deforming and 
FBdially expandmg a portion of the tubular member to a first outside diameter, and 
plastically defonnir^ and radially expanding another portion of the tubular member to a 
second outsido diameta. In aprcferred embodiment, the first diamet^ is greater than the 

25 second diameter. In a prefoned embodiment, plastically deforming and radially expanding 
the portion of the tabular member includes Bppfying a radial force to the portion of the 
tubular member using a conical sleeve. Ha a prefeired embodiment, the conical sleeve is 
fiangible. Jn a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 

30 embodiment, plastically deforming and radially expanding the portion of (he tubular 
member includes applying a radial force to the portion of the tubular member using an 
inflatable bladder. In a preferred embodiment, plastically defoiming and radially 
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expandmg tbe pordon of the tubular member includes eppfymg a radial force to the portioii 
of the tubular member using a roller enpansion device. In a prefcired embodiment, the 
method iurth^ includes h^ecting an annular body of a hardenable fluidic sealing mateiia] 
into an anauhis between the tubular member and the wellbore. a pre&rred embodiment, 
5 the method iurther includes curing the annular body of bardniabld fluidic sealing material. 
A method of foraung a mono-diameter weilbore casfng within a wellbore bas also 
heca described that includes sapportmg a first tubular member witfain the wellbore, 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, plastically deforming and radially expanding another portion of the 

10 first tubular member to a second outside diameter, podtibning the second tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tabular member, plastically deforming and mdially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 

1 5 tubular members after the plastic deformations and radial expansions are substantially 
equaL In a prefened embodiment the first outside diameter is greater than the second 
outside diameter. In a prefenred embodimoit, plastically deforming and radially expanding 
the first portion of the first tubular member includes q)plying a radial force to the portion 
of the tubular member using a conical sleeve. In a preferred embodiment, the conical 

20 sleeve is fiangible. In a prefened embodiment, the conical sleeve is elastic. ]bi a preferred 
embodiment, the corneal sleeve includes a plurality of arcuate elements. In a prefenred 
embodiment, plastically defonning and radially expanding the first portion of the first 
tubular member inchKies applyhig a radial force to the first portion of the first tubular 
member using an inflatable bladdw. In a pre&crDd embodiment, plastically deforming and 

25 radially expanding the first portion of the first tubular member includes ^plying a radial 
force to the first porticm of the first tubular member using a roller expansion device. In a 
prefisrred embocUmont, the method fiirther includes injecting an annular body of a 
hardenable fiuidic sealing materiai into an annulus between the first tubular member and 
the wellbore. In a preferred embodiment, the method further includes curing the annular 

30 body of hardenable fiuidic sealing material. In a prefmod embodiment, the method 

flutber includes ii^'ecting an annular body of a hardenable fiuidic sealing material into an 
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ommlus between the second tubular membo* and the wellbore. In a preened embodiment, 
the method finther includes coring the annular body of hanlenable fluidic sealing material 

An apparatus for coupling a first tubular member to a second tubular member has 
also been described that indodes means &r plastically defimning and radially expanding a 
S first poilicm of the first tubular member to a first outside diameter, rr^^ m^ for plqgticflt^y 
defbrming and radially es^anding anottier portion of the first tubular member to a secoi^ 
outside diameter, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, means for 
plastically defonning and radially expanding the second tubulat member to a thud outside 
1 0 diameter* and means for plastically defbmiing and radially expanding the second tubular 
member to a fiDurth outside diameter. The inside diameters of the first and second tubular 
members afier the plastic deformations and radial expansions are substantially equal hi a 
pre^srred embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred wbodiment, the means for plastically deforming and radially 

1 5 eiqpandmg the first portion of the first tubular member includes means for flying a radial 
force to the portion of the tubular member using a conical sleeve, hi a preferred 
embodiment, the conical sleeve is firangible. In a preferred embodhnent, die conical sleeve 
is elastia hi a prefored embodiment, the conical sleeve includes a pluralHy of arcuate 
elements. In a prefOTed embodiment, the meaiis for plastically deforniirig and radially 

20 Bxpandmg die filrst portion of the first tubular member includes means for applying a radial 
force to the first portion ofthe first tubular member usbg an inflatable bladder. la a 
preferred embodiment, the means fbr plastically defbrmmg and radially expanding the first 
portion of the first tubular member motudes means fbr applying a radial fbice to the first 
portion of the first tubular memb^ using a roller expansion device. In a preferred 

25 embodiment, the apparahis fhrther includes means for injecting an annular body of a 
haidenable fluidic sealing material into an aimulus between the first tubular member and 
the wellbore. In a preferred embodiment, the qrparatus fUrther includes means for curing 
the annular body of hardenable fhiidic sealmg material In a piefetred embodiment, die 
apparatus fbrther mctudes means for ii^ectmg an annular body of a hardenable fiuidio 

30 sealing niateiial into an annulus between the secoiid tubular member and the wellbore. In 
a preferred embodiment, the ^arotus further includes means for curing the annular body 
of hardenable fhiidic sealing material. 
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An apparatofl fw plastically defbnning and radia^ 
has also been described ttiat includes means far providing a lipped portion in a portion of 
the tubular member, and means fi>r plastically dofomiing and radially expanding another 
portion of the tubular member. 
5 Ah qyparatus for plastically dofonning and radially expanding a tubular member 

has also been described that inohidca a tabular sappoti member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a seccmd fluid 
passage fluidicly coxspM to the firet fluid passage and an outer conical surfece, an ammlar 
expansion cone launch^ includmg: a first annular portion coupled to a loww- portion of 

10 the tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical surfece of the ejq)ansion cone, a third aimular portion coupled 
to the second ammlar portion having a first outside diameter, and a fourth annular portion 
coupled to the third annular portion having a second outside diameter, v/bacmn tho second 
outside diameter is less than the first outside diameter, and a shoe having a valveahle 

15 passage <mp\Gd to fourdi ammlar portion of the expansion cone launcher. 

A method of plastically defonning and radially expanding a tubular member has 
also bewi described that inohides jwovidrng a lipped portion in a portion of the tubular 
member, and plastically deforming and radially expanding another portion of the tubular 
member. 

20 A method of coupling a first tubular member to a second tubular member has also 

been described that hicludes providing a lipped portion in a portion of the first tubular 
member, plastically defontmng and radially expanding another portion of the firet tubular 
member, positioning the second tubular member madde the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and plastically 

25 deforming and radially expanding the second tubular member. The inside diameters of tho 
first and second tubular members after the plastic deformations and radial expansions are 



An apparatus for coiq)ling a first tubular member to a second tubular member has 
also been described that moludes means for providing a lipped portion in the first tubular 
30 mOTbcr, means for plastically defonning and radially expandiog another portion of the 
first tubular member, means fi^ positionrng tho sectmd tubular member inside the first 
tubular member in overlapping relation to the lipped portion of the first tubular member, 
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and means for plastically defonning and radially expanding tiie second tubular member. 
The indde diameters of &e fiivt and second tubdar members after the plastic deformations 
and radial expansions are substantially equal 

An sppmtus for fonning a wellbore casing within a wellbore has also been 
5 descnbod that includes means £)r supporting a tubular member within tiie weilboiei means 
for providing a tipped porticm in the tubular member, and means for plasticaUy defonning 
and radially co^anding another portion of the tubular member to a second outside 
diameter. 

An q>paratus for forming a wellbore casing widiin a wellbore has 

10 described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fhiid passage 
fluidicly coupled to the f rst fhud passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member^ a second annular portion coupled to the first annular portion that 

1 5 mates with ttic outer conical surfkce of Ihe expansion conei, a third armular portion coupled 
to the second annular portion having a first outside diameter, and a fourth annular portion 
coupled to the third annular portion having a second outside diatneter, wherein the second 
outside diameter is leas than the fhst outside diameter, and a shoo having a valveable 
passage coupled to fourth ammlar portion of the expansion cone launcher. 

20 A method of forming a wellbore casing in a wellbore has also been described that 

includes supporting a tubular member within the wellbore, providing a lipped portion in a 
portion of the tubular member, and plastically defonning and radially expanding another 
portion of the tubular member. In a preferred embodiment, the method further includes 
ii^ecting a hardonable fluidic sealing material in an annulus between the tubular member 

25 and the wellbore. hi a preferred embodiment, ^ method further includes curing the 
fluidic seaUng material. 

A me&od of forming a mono-diameter wellbore casmg within a wellbore has also 
been desoibed that inchides 8i4)porting a first tubular member widiin the wellbore, 
providing a lipped portion in a portion of the first tubular member, plastiodly deforming 

30 and radially expanding another portion of the first tubular member* positioning the second 
tubular member inside the first tubular member in overlapping relation to the lipped 
portion of the first tubular member, and plastically deforming and radially expanding the 
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second tubular member. Tlic in&ide diametcra of the fiist and second ta^ 
after tbe plastic defonnatioos and radial wqjansions arc substantially equal, a picfeired 
CTibodinient, the method further includes injectmg a hardaiable flmdic sealing material in 
anannnlusbctwcMithofirBttubuIarmemberandthewellboits. In a preferred eanbodimcmt, 
5 the method fhrthff includes curing the fluidio sealing mat^ In a prefeired embodiment 
the method fiirther inchideamjocting a hardenablefk^ 

between the second tubular member and the wellbore. Jtx aprefcrred embodiment, the 
method iurther includes curing fee fluidic sealing material. 

An qipaiBtus fior foiming a mono^Kameter wellbore casing within a wellbore has 

1 0 also been described that inohides means for providing a lipped portion in the first tubular 
member, means for plastically deforming and radially ej^anding another portion of the 
first tubular member, means for positianing the second tubular member inside ttw first 
tubular member in overlapping relation to the lipped portion of the first tubular member, 
and means Sor plastically defonning and radially expanding the second tubular member. 

15 Hie inside diameters of the first and seccmd tubular membere after the plastic deformations 
and radial expansions are substantiaUy equal In a preferred embodimeait, the apparatus 
fiirther includes means for mjccting a haidenabic fluidic sealing material in an annulus 
between the first tubular membw and the wellbore. In a preferred embodiment, the 
apparatus fiirther includes means for curing the fiuidic sealing material. In a preferred 

20 cnabodhnent, the ^aratus fiirther inchides means for irgecting a haide^ 

sedingnmterial in an annulus between the second tubular menaber and the wellbore. 
preferred enabodiment, the apparatus fiirther includes means for curing the fluidic sealing 
material 

An apparatus for plastically deforming and radially expanding a tubular member 
25 has also been described that inchides means for plasticalfydeJfo^^ 

expanding a first end of the tubular member, and means for plastically deforming and 
radially expanding a second end of the tubular memb». In apreferied embodiment, the 
apparatus fiirther inchides means for anchoring the tubular member during the radial 
expansion. 

30 An apparatus fin* plastically deforming and radially expandmg a tubular member 

has also been described that includes a tubular support member including a first passage^ 
an expansion cone coupled to the tabular support ha^g a second passage flddicly 
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coupled to thfi first passage and an outer conical sur&ce, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone^ an expandable 
tubular member coupled to an end of the annular expansion cone launcher, a shoe coi^led 
to another end of the anuiular expansion cone launcher having a valveable fluid passage, 
5 and another annular expansion cone movahl^coi^led to the tubular support nio^^ The 
annular expansion comes axe positioned in opposite orieatatiottB. Inapfefened 
embodiment, the annular expansion cone is adapted to plastically deform and radially 
expand a first end of the expandable tubular member and the other annular expansion cone 
is adapted to plastically deform and radially expand a second end of the expandable 

10 tubular membw. In aprefenedmbodhnenti the apparatus Anther ixKludes an a^ 
member oot^led to the tubular suj^oxt member adapted to hold the ei^andable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a furst end 
of the tubular member, and plastically deforming and radially Gpq>andmg a second end of 

15 the tubular member. In a poceferFedembodimentf the method further includes andhoring 
the tubular member during the radial expansion. In a pretoed enlbodiment, the fizst end 
of the tubular member is plastically deformed and radially €Q^>anded before the second 
end In aprc&ned onbodiment, plastically dckummg and radially expanding the second 
end of the tubular member includes injecting a fluidic material into the tubular member. 

20 A method of coupling a first tubular member to a second tubular member has also 

been described that irKludes posidoning the second tubular member inside the first tubular 
member hi an overlapping relationahip, plastically deforming and radially expandmg the 
end of the second tubular member that overly with the first tubular member, and 
plastically deforming and radially expanding the remaining portion of the second tubular 

25 member, hi a preferred mbodioient^ttie method ibrtherinchides plastically deforiiiing 
and radially ea^anding at least a portion of the second tubular member. Jsx a pre£bned 
embodiment, the inside diameters of the first and second tubular members are substantially 
equal after the radial exparisions. 

An apparatus for coupling a first tubular member to a second tubular member has 

30 also been described that includes roeang for positiorung die second tubular member tTifl ide 
the first tubular member in an overiapping relationship, means for plastically deforming 
and radially expandmg the otd of the second tubular member that overlaps vvith the first 



-55- 



WO02/EH99 PCT/US0y»256 

tabular momber, and means for plasticaDy defbnning and ladially expanding &d remainiiig 
portion of the aeoond tubular member. In a preferred embodimeioty the apparatus flirto 
includes means for plastically defonning and radially expanding at least a portion of the 
second tubolar membw. In a preferred embodimeot, the inside diameters of the first and 
S second tubular members are substantiDlly equal after the radial expansions. 

M apparatus for fomiing a weUbore casing within a weUboce has also bee^ 
described that inchides means for supporting a tubular monber within the wellboie, means 
for plastically defomaing and radially expanding a first end of the tubular member, and 
means for plastically defonning and radially expanding a second end of the tubular 

10 member. In a prefeired embodhnoit, the apparatus fbrther includes means for anchoring 
the tubular member during the radial ejcpansion. M a prefenedembodimenty the apparatus 
further includes means for injecting a hardenable fluidio sealing material into an ammlus 
between the tubular monber and the wsllbore. 

An apparatus for forming a wellbore cashig within a weUbore has also been 

15 described that inchides a tubular support member including a first passage, an expansion 
cone co\4)Ied to the tubular support having a second passage fiuidicty coupled to the first 
passage and an outer conical sur&ce, an annular expansion cone lamicher movabiy 
coupled to outer conical sur&ce of the expansion cone, an expandable tubular member 
coupled to an end of the annular expansion cone launcher, a shoe coupled to another end 

20 of the atmular expansion cone launcher havmg a valveable fiuid passage^ and another 
aimular expansion cone movabiy coupled to the tubular support member. The annular 
expansion cones are positioned in opposite orientations. In a preferred embodiment, die 
aimular expansion cone is adapted to plastically deform and radially expand a first end of 
the expandable tubular member and the other annular expansion cone is ad^ted to 

25 plasticaUy deform aixlradiaUycxparid a second end oftiieexpaiKiable tubular member. lb 
a prefored OTubodiment, the apparatus fbrther includes an anchoring member coupled to 
the tubular support member adapted to hold the expandable tubular. 

A method of farming a wellbore casing within a wellbore has also been described 
that includes plastically defbnmng and radially expanding a first end of the tubular 

30 member, and plastically defomdng and radially expanding a second end of the tubular 
member. In a preferred embodimmt, the method fhrther includes anchoririg the tubular 
member during the radial expansion. In a prefened embodiment, the ftist end of the 
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tubular member is plasticaUydefbii^ Ina 
prcfored embodizQeiU, plasticelly defbmung and radially flxpandbg tho second end of tho 
tubular mnntoincladesuyecting a Mdicmtcri^ Ina 
pxefored embodimeDt, the method further includes h^ecdng a hardenable fhiidic scaling 
S niaterial into an annuhis between tho tubular niember and the ^ 

A method of fbnning a wellbcre casing within a wellboro has also been described 
that includes plastically deforming and radially expanding a first tubular member within 
the wellboro^ positioning a second tubular member inside the first tabular member in an 
ov^lapplng relationship* plastically defSarming and radially expanding the end of the 

1 0 second tubular member that oved^s witib the first tubular member, plastically defomxing 
and radial^ expanding the remaining portion of the second tubular membisr, in a piefeited 
embodiment^ the method fUrther includes plastically deforming and radiaUy expanding at 
least si portion of the second tubular member. Li a prefened embodiment, the inside 
diameters ofthe first and second tubular members are substantially eq^ after the ra^^ . 

15 expansions. In a preferred embodiment, the method fimher includes injectiiig a hardenable 
fluidic sealing material into an annnlus betwe^ the first tubular member and the wellbore. 
In a preftrred embodiment, the method further includes injecting a hardenable fluidic 
sealing material into an annuhis betwcoi the second tubular member and the wellbore. 
An £^aratu8 for forming a wellbore casing within a wellbore has also been 

20 described that iiK^hides means for plastically deforming and radiaUy expanding a first 
tubular member within the weUbore, means for positioning the second tubular member 
inside the first tubular member in an overlapping relationship, means for plastically 
deforming and radially expanding the end of the second tubular memb^ thai overlsg;)s with 
the first tubular member, means for plastically deforming and radially expanding the 

25 remaining portion of the second tubular member. In a prefexied embodiment, the 

apparatus fUrlher includes means for plastically deforming and radially expanding at least 
a portion of the second tubular member. Tn a preffsred embodiment, the inside diameters 
of the first and second tubular members are substantially equal after the radial expansions, 
hi a prefoned embodiment, the ^aratus further inchides means for injecting a 

30 hardoiable fluidic sealing rnaterial into an annulus between the first tubd 

theweUboTB. In a preferred embodunent, the apparatus fiirther inchides means for 
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injecting abardemble fluidic sealing material into an annolus between the second tubular 
member and Uie wellbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a weHbore has also been described that inchides means for supporting a tubular 
5 member in overiappiog relation to the opposing ends of the wellbore casings, means for 
plastically deforming and radially expanding (he tubnlar member, and means for plastically 
deforming and radially expanding the tubular member and the opposing ends of the 
wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellboro casing 
1 0 within a wellbore has also been described that includes supporting a tubular member in 
overlapping relation to the opposhig ends of tho wellbore casings, plastically defonning 
and radially expanding the tubular member, and 

plastically deforming and radially expanding Ihe tubular member and the opposmg ends of 
the wellbore caaings. 

15 A method of taiing a structure having desired strength charact^stics has also 

been described that includes providmg a first tubular member, and plastically defomiing 
and radially expanding additional tubular members onto the interior sur&ce of the first 
tubular member until the desired strength characteristics aro achieved. . 

A method of forming a weUbore casing within a wellbore having desired strength 

20 characteristics has also been described (hat includes plastically deforming and radially 
expanding a first tubular member within the wellbore, and plastically deforming and 
radially expanding additional tubular members onto the interior surface of the first tubular 
member until the desired strength characteristics are achieved. 

A method of coupling a first tubular member to a secant tubular member, the first 

25 tubular member having an original outside diameter OD^ and an original wall thickness to, 
has also been described that includes plastically deforming and radially ei^anding a first 
portion of tbe first tubular member to a first outside diameter, plastically deformmg and 
radially expanding another porticm of the first tubular member to a second outside 
diametOT, positioniiig the second tubular meniber inside the first tubular ni^ 

30 ovcriqiping relation to the first portion of the first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expandii^ the second tubular member to a fourth 
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outside diameto; viiMran tiw inside diameters of the first and second tubular members 
after the plastie defbnnatioiu and radial expai^ons are substantiBny equal, and 
^ntoein die ratio of the original outdde diameter ODo of the first tubular member to the 
original wall Ihidkness of the first tubular mender is greater than ox equal to 16. 
5 Aniet]x>dof£bxmiDganionoKliameterwellborecasingba6al8obee^ 

that incbutes positioning a first tubular member whlun a wellbore, the first tubular member 
haviqg an Gcigbul outside diameter OD^ and an originai wall thickness to, plastioally 
ctefo nning and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially cxpandiAg another portion of the first 

10 tabular msmiber to a second outdde diameter, poaitioiiing the second tubular 

inside the first tubular member in overlying relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a tiiird outside diameter, and plastically defbiming and radially expanding the second 
tubular member to a fbuifii outside diameter. The inside diameters of the first and second 

15 tubnlar members after &e plastic de£>imations and radial expansions are substantially 
equal, and wherein the ratio of the original outside diameter ODq of the first tubular 
niembcr to the original wall tMdmess ^ of the first tabular meniber is greats than or equal 
to 16. 

An q>paratu8 has also been described fiiat iruludes a plastically deformed and 
20 radially exparidrd tubular member having a first portion having a first outside diameter 
and a ranainhogportioin having a second outside diameter, wherein the ratio of the origmal 
outside diameter ODq of the first tubular member to the origmal wall thickness of the 
first tubular member is greater than or equal to 16. 

An i^arahis has also been described that includes a plastically defonned and 
25 radially eo^randed first tnbular member having a first portion having a first outside 
diameter and a remaining p(»tion having a second outside diameter, and a plastically 
defbtmed and radially expanded second tubular member coiq)led to the first portion of the 
first tubular member. The ratio of the origtaal outside diameter ODq of the first tubular 
meQd)er to tfie origjtaa] wall thickness tg of the first tubular member is greater than or equal 
30 to 16. In a preferred embodiment, the inside diameters of the first and second tubular 
menibers are substantially equal. 
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A wellbore casing fonned in a wellbore has also been described that includes a 
plastically deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diamet^, and a plastically deformed and radially expanded second tubular member 
coupled to the first portion of the first tubular member. The ratio of the original 
outside diameter ODo of the first tubular member to the original wall thickness to of the 
first tubular member is greater than or equal to 16. In a preferred embodiment, the 
inside diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter QDq of the tubular member to the original wall thickness to of the 
tubular member is greater than or equal to 16. 

In several alternative embodiments, the methods and apparatus described and 
referenced abov|e may be used to fomi or repair wellbore casings^ pipelines, and 
structural supports. 

Although this detailed description has shown and described illustrative 
embodiments of the invention, this description contemplates, a wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
Accordingly, it is appropriate that readers should construe the appended claims 
broadly, and in a manner consistent with the scope of the invention. 

Throughout this i^ecification and the claims which follow, unless the context 
requires otherwise, the word "comprise", and variations such as "comprises" and 
"comprising", will be understood to imply the inclusion of a stated integer or step or 
group of integers or steps but not the exclusion of any other integer or step or group of 
integers or steps. 

The reference to any prior art in this specification is not, and should not be 
taken as, an acknowledgment or any form of suggestion that that prior art forms part of 
the common general knowledge in Australia. 
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THE CLAIMS DEFINING THE INVENTION ARB AS FOLLOWS: 

1 . An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastically defonning and radially expanding a first portion of the tubular 
member to a first outside diameter, and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameten 

wherein the means for plastically defonning and radially expanding the first portion 
of the tubular member to the first outside diameter is frangible. 

2. An apparatus for plastically defonning arid radially expanding a tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically defonning and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically defonning and radially expanding the first portion 
of the tubular member to the first outside diameter is elastic. 

3. An appamtus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is inflatable. 

4. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 
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means for plastically dcfoming and radially expanding a first portion of the tubular 
Q member to a first outside diameter, and 

^ means for plastically defonning and radially expanding a second portion of the 

tubular member to a second outside diameter; 

^ 5 wherein the means for plastically defonning and radially expanding the first 

^ of the mbuiar member to the first outside diameter includes rolling means ibr applying 

^ radial pressure to the first portion of the tubular member. 

CO 



8 



5. An apparatus for plastically deforming and radially expanding a tubular monbcr, 
iO comprising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second fiuid 
passage fluidicly coupled to the first fiuid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surfiice of the 
IS expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and 

a shoe having a vaWeable passage coupled to an end of the expansion cone 
laxmcher. 

20 

6. The apparatus of claim 5, wherein the conical sleeve is fi-angible* 

7. The apparatus of claim S, wherein the conical sleeve is elastic. 

25 8. The apparatus of claim 5, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

9. A method of plastically defonning and radially expanding a tubular member, 
comprising: 

30 plastically deforming and radially expanding a portion of the tubular member to a 

first outside diameter; and 
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in 

8 

^ plastically defonning and radially expanding another por^^ 

Q to a second outside dianieten 

^ wherein plastically defonniag and radially expanding the poition of the tubular 

member comprises: 

^ S applying a radial force to the portion of the tubular member using a conical sleeve, 

O 

00 

^ 10. The method of claim 9, wherein the conical sleeve is frangible. 

ra 
o 

O II. The method of claim 9, wherein the conical sleeve is elastic. 

10 

12. The method of claim 9, wherein the conical sleeve comprises a plurality of arcuate 
elements. 



13. A method of plastically deforming and radially expanding a tubular member, 
IS comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
fint outside diameter, and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameten 
20 wherein plastically defomiing and radially expanding the portion of the tubular 

member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

25 14. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter, and 

plastically deforming and radially expanding another portion of the tubular member 
30 to a second outside diameten 

wherein plastically deforming and radially expanding the portion of the tubular 
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member comprises; 

applying a radial foice to the portion of the tubular member using a roller 
expansion device. 

IS. A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter, 

wherein the first and second tubular members after the plastic deformations and 
radial expansions define a passage having a constant cross sectional area. 

16* The method of claim 15, ^^erein the first outside diameter is greater than the 
second outside diameter. 

1 7. The method of claim 1 5, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

18. The method of claim 17, wherem the conical sleeve is frarigible. 
] 9. The method of claim 1 7, wherein the conical sleeve is elastic. 

20. . The method of claim 1 7, wherein the conical sleeve comprises a plurality of arcuate 
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elements, 

21. The method of claim 15» ivheretn plastically deforroihg and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the iint tubular member using an 
inflatable bladder. 

22. The method of claim 1 S, wherein plastically deforming and radially expanding the 
first portion of the fint tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a roller 
expansion device. 

23. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the 
first tubular member to a first outside diameter; 

means for plastically deforming and radially expanding another portion of 
the first tubular member to a second outside^ diameten 

means for positioning the second tubular member inside the first tubular 
member in ov^lapping relation to the first portion of the fu^t tubular member; 

means for plastically defomaing and radially expanding the second tubular 
member to a third outside diameter; and 

means for plastically defonning and radially expanding the second tubular 
member to a fourth outside diameter; 

wherein the first and second tubular members after the plastic deformations 
and radial expansions define a passage having a constant cross sectional area. 

24. The apparatus of claim 23, wherein the first outside diameter is greater than the 
second outside diameter. 

25. The apparatus of claim 23» wherein the means for plastically deforming and 



8 

^ radially expanding the first portion of the first tubular member comprises: 

Q means for applying a radial force to the portion of the tubular member using a 

\D conical sleeve. 

O 

(S| 3 26. The apparatus of claim 25, wherein the conical sleeve is frangible. 
O 

On 27. The apparatus of claim 25, wherein the conical sleeve is elastic. 

1— t 

3 28. The apparatus of claim 25, wherein the conical sleeve comprises a plurality of 

10 arcuate elements. 



29. The apparatus of claim 23, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member: comprises: 

means for applying a radial force to the first portion of to the first tubular member 
1 5 using an inflatable bladder. 

30. The apparatus of claim 23, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for as^lying a radial force to the first portion of the first tubular 
20 member using a roller expansion device. 

31. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
25 member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter; 

wherein the means for plastically deforming and radially exparxling the first portion 
of the tubular member to the first outside diameter is frangible. 

30 

32. An apparatus for forming a wellbore casing within a wellbore, comprising: 
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means for supporting a tubular member within the wellbore; 
O 

Q means for plastically defonning and radially expanding a first portion of the tubular 

^ member to a first outside diam^n and 

O 

means for plastically defomiing and radially expanding a second portion of the 
^ 5 tubular member to a second outside diameter, 

^ wherein the means for plastically deforming and radially expanding the first portion 

^ of the tubular member to the first outside diatneter is elastic. 



i 



33. An apparatus for forming a wellbore casing within a wellbore, comprising: 
10 means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter, 
1 5 wherein the means for plastically deforming and radially expanding the first portion 

of the tubular member to the first outside diaunoter is inflatable. 

34. An apparatus for forming a wellbore casing within a wellbore, comprising: 
. means for supporting a tubular member within the wellbore; 

20 means for plastically deforming and radially expanding a first portion of the tubular 

member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter, 

wherein the means for plastically deforming and radially expanding the first portion 
23 of the tubular member to the first outside diameter comprises rolling m^ns for applying 
radial pressure to the first portion of the tubular member. 

35. An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first fluid passage; 

30 an expansion cone coupled to the tubular support member having a second fluid 

passage fluidicly coupled to the first fiuid passage and an outer conical surface; 



-67- 



CM 



a removable annular conical sleeve coupled to the outer conical surface of the 
O 

Q expansion cone; 

g an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member, and 

^ 5 a shoe havmg a valveable passage coupled to an end of the expansion cone 

CD 

00 launcher. 



36. The apparatus of claim 35, wherein the conical sleeve is frangible. 

1 0 37. The apparatus of claim 35, wherein the conical sleeve is elastic. 

38. The apparatus of claim 35, wherein the conical sleeve comprises a plufality of 
arcuate elements. 

1 5 39. A method of forming a wellbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

plastically defonning and radially expandjng a portion of the tubular member to a 
first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular member 
20 to a second outside diameter, 

wherein plastically deforming and radially expanding the portion of the tubular 
member comprises: 

applying a radial force to the portion of the tubular member using a conical 

sleeve. 

25 

40. The method of claim 39, wherein the conical sleeve is frangible. 

41 . The method of claim 39, wherein the conical sleeve is elastic. 

30 42. The method of claim 39, wherein the conical sleeve comprises a plurality of arcuate 
elements. 



Q 43. A method of fonning a wellbore casing witiiin a wellbore, comprising: 

\0 supporting a tubular member within a wellbore; 

O 

plastically defonnirig and radially expanding a portion of the tubular rhember to a 
^ S first outside diameter, and 

^ plastically defomiing and radially expanding another portion of the tubular member 

^ to a second outside diameter; 

r-H wherein plastically deforming and radially expanding; the portion of the tubular 

O member comprises; 

1 0 applying a radial force to the portion of the tubular member using an inflatable 

bladder. 



44. A method of foraiing a wellbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

IS plastically defomiing and radially expanding a portion of the tubular member to a 

fu^t outside diameter; and 

plastically defonning and radially expanding another portion of the tubular member 
to a second outside diameter; 

wherein plastically defonning and radially expanding the portion of the tubular 
20 member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

45. A method of fonning a mono-diameter wellbore casing within a wellbore, 
25 comprising: 

. supportingafirsttubular member within the wellbore; 

plastically deforming and radially expanding a first poition of the first tubular 
member to a first outside diameter; 

plastically defonning and radially expanding another portion of the first tubular 
30 ■ member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
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overlapping relation to the radially expanded fust portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a third 
outside diamet^; and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the first and second tubular members after the plastic deformations and 
radial expansions define a passage having a constant cross sectional area. 

46. The method of claim 45, wherein the fust outside diameter is greater than the 
second outside diameter. 

47. The method of claim 45, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

48. The method of claim 47, wherein the conical sleeve is frangible. 

49. The method of claim 47, vriieiein the conical sleeve is elastic. 

50. The method of claim 47, wherein the conical sleeve comprises a plurality of arcuate 
elements. 

51. The method of claim 45, herein plastically deforming and radially exparuling the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

52. The method of claim 45, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a roller 
expansion device. 
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Q 53. The method of claim 45, further comprisin^^^ 

VO injecting an annular body of a haidenable fluidic sealing material into an annulus 

O • 

between the first tubular member and the wellbore. 

§ 54. The method ofclaim 45, flirther comprising: 

^ injecting an annular body of a haidenable fluidic sealing material into an annulus 
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between the second tubular member and the wellbore, 

1 0 55. The method of claim 53 or 54, further comprismg: 

curing the annular body of hatdenable fluidic sealing material 



56. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

1 5 means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 

means for plastically defomiing and radially expanding another portion of the first 
tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular member in 
20 overlapping relation to the radially expanded first portion of the first tubular member; 

means for plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular member 
to a fourth outside diameter; 
25 wherein the first and second tubular members after the plastic deformations and 

radial expansions define a passage having a constant cross sectional area. 

57. The apparatus of claim 56, wherein the first outside diameter is greater than the 
second outside diameter. 

30 
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58. The apparatus of claim S6, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

59. The apparatus of claim 58, wherein the conical sleeve is frangible. 

60. The apparatus of claim 58, wherein the conical sleeve is elastic. 

61 . The apparatus of claim 58, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

62. The apparatus of claim 56, wherein the means for plastically defonhing and 
radially expanding the first portion of the fu^ tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

63. The apparatus of claim 56, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 

64. The apparatus of claim 56, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the first tubular member and the wellbore. 

65. The apparatus of claim 56, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and the wellbore. 

66. The apparatus of claim 64 or 65, further comprising: 
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means for curing the annular body of hardenaUe fhiidic sealing material. 
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67. Aa apparatus for plastically deforming and radially expanding a tubular member, 
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means for providing a lipped portion in a portion of the tubular member, and 


oo 




means for pla^cally deforming and radially expanding another portion of the 


ON 




tubular member. 
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68. An apparatus for plastically defonning and radially expanding a tubular member, 


10 


comprising: 






a tubular support member including a first fluid passage; 






an expansion cone coupled to the tubular support member having a second fluid 






passage fluidicly coupled to the first fluid passage and an outer conical surface; 






an annular expansion cone launcher comprising: 




IS 


a first annular portion coupled to a lowt portion of the tubular member; 






a second aimular portion coupled to the first annular portion that mates with the 






outer conical surface of the expansion cone; 






a third annular portion coupled to the second annular portion having a first outside 






diameter; and 




20 


a fourth annular portion coupled to the third annular portion having a second 






outside diameter; 






wherein the second autside diameter is less than the first outside dlameten and 






a shoe having a valveable passage coupled to fourth annular portion of the 






expansion cone launcher. 
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69. A method of plastically defonning and radially expanding a tubular member, 






comprising: 






providing a lipped portion in a portion of the tubular member; and 






plastically deforming and radially expanding another portion of the tubular 




30 


member. 
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70. A method ofcoupUag a fini tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular member; 
plastically deforming and radially expanding another portion of the first tubular 
5 member; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular memben and 

plastically defomiing and radially expanding the second tubular member, 
wherein the inside diameters of the first and second tubular members after the 
1 0 plastic defonhations and radial expansions are substantially equal. 

71. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portson in the first tubular member; 
1 5 means for plastically deforming and radially expanding another portion of the first 

tubular member; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 

means for plastically deforming and radially expanding the second tubular member; 
20 wherein the inside diameters of the first and second tubular members afier the 

plastic deformations and radial expansions are substantially equal. 

72. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubidar member within the wellbore; 

2S means for providing a lipped portion in the tubular member; and 

means for plastically deforming and radially expanding another portion of the 
tubular merhber to a second outside diameter. 

73 . An apparatus for forming a wellbore casing within a wellbore, comprising: 
30 a tubular support member including a first fluid passage; 
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an expansion cone coupled to the tubular support member having a second fluid 
passage fluididy coupled to the first fluid passage and an outer conical surface; 

an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower pbrtion of the tubular member; 
S a second armular portion coupled to the first annular portion that mates with the 

outer conical sur&ce of the expansion cone; 

a third armular portion coupled to the second annular portion having a first outside 
diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
10 outside diameter; 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

1 5 74, A method of forming a wellbore casing in a wellbore, comprising: 
supporting a tubular membw within the wellbore; 
providing a lipped portion in a portion of the tubular member, and 
plastically deforming and mdially expanding another portion of the tubular 
member. 

20 

75. The method of claim 74, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the tubular 
member and Che wellbore. 

25 76. The method of claim 75, further comprising: 
curing the fluidic sealing material. 

77. A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

30 supporting a first tubular member within the wellbore; 

providing a lipped portion in a portion of the first tubular member; 
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plastically deforming and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 
S plastically defomtiing and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deforaiatiom and radial expansions are substantially equal. 

78. The niethodofclaim 77, further comprising: 

10 injecting a hardenable fluidic sealing material in an annulus between the first 

tubular member and the welibore. 

79. The method of claim 77, further comprising: 

injecting a hardenable fluidic sealing material In an annulus between the second 
IS tubular member and the welibore. 

80. The method of claim 78 or 79, further comprising: 
. curing the fluidic sealing material* 

20 81. An apparatus for forming a mono^diameter weilbore casing within a welibore, 
comprising: 

means for providing a lipped portion in the first tubular member; 
means for plastically deforming and radially expanding another portion of the first 
tubular member; 

25 means for positioniiig the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member; and 

means for plastically defonning and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

30 

82. The apparatus of claim 8 1 , further comprising: 
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means for injecting a hardenable fluidic sealing material in an annulus between the 
iirst tubular member and the wellboie. 

83. The apparatus of claim 81, further comprising: 

S means for injecting a hardenable fluidic sealing material in an annulus between the 

second tubular member and the wellbore, 

84. The apparatus ofclaim 82 or 83, further comprising: 
means for curing the fluidic sealing material. 

10 

85. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a firet passage; 

an expansion cone coupled to the tubular support having a second passage fluidicly 
1 S coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surfkce of 
the expansion cone; 

an expandable tubular member coupled to an end of the annular expansion cone 
launcher, 

20 a shoe coupled lo another end of the annular expansion cone launcher having a 

valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support member, 
wherein the annular expansion cones are positioned in opposite orientations. 

25 86. The apparatus ofclaim 85, \^erein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member and 
the other annular expansion cone is adapted to plastically defomi and radially expand a 
second end of the expandable tubular member. 

30 87. The apparatus ofclaim 85, further comprising: 
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an anchoring member coupled to the tubular support member adapted to hold the 



Q expandable tubular. 

VO 
O 

88. An apparatus for fbrmiag a wellbore casing within a wellbore, comprising: 

^ S a tubular support member including a first passage; 

^ an expansion cone coupled to the tubular support having a second passage fluidicly 

^ coupled to the first passage and an outer conical surface; 

CSI 
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an annular expansion cone launcher movably coupled to outer conical sur&ce of 
S Ihc expansion cone; 

10 an expandable tubular member coupled to an end of the annular expansion cone 

launcher, 

a shoe coupled to another end of (he annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support member; 
1 S wherein the annular expansion cones are positioned in opposite orientations. 

89. The apparatus of claim 88» wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member and 
the other annular expansion cone is adapted to plastically deform and radially expand a 

20 second end of the expandable tubular member. 

90. The apparatus of claim 88, further comprising: 
an anchoring member coupled to the tubular support member adapted to hold the 

expandable tubular. 

25 

91. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means for suppoiting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings; 
30 means for plastically deforming and radially expanding the tubular member, and 
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means for plastically deforming and radially expanding the tubular member and the 
Q opposing ends of the wellbore casings. 

\o 

O 

92. A method of bridging an axial gap between opposing pairs of wellbore casing 
(s) 5 within a vireUbore» comprising: 

^ supporting a tubular member in overlapping relation to the opposing ends of the 

^ wellbore casmgs; 
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plastically deforming and radially expanding the tubular member, and 
plastically deforming and radially expanding the tubular member and the opposing 
1 0 ends of the wellbore casinp. 

93. A method of forming a structure having desired strength characteristics^ 
comprising; 

providing a first tubular member; and 
I S plastically deforming and radially expanding additional tubular members onto the 

interior surface of the furst tubular member until the desired strength characteristics are 
achieved. 

94. A method of forming a wellbore casing within a wellbore having desired strength 
20 characteristics, comprising: 

plastically deforming and radially expanding a first tubular member within the 
wellbore; and 

plastically deforming and radially expanding additional tubular members onto the 
interior surface of the first tubular member until the desired strengtii characteristics ace 
25 achieved. 

95 . A method of coupling a first tubular member to a second tubular niiember, the first 
tubular member having an original outside diameter ODq and an original wall tiiickness to» 
comprising: 

30 plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
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plastically defonning and radially expanding another portion of the first tubular 
member to a second outside diameten 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

plastically defonning and radially expanding the second tubular member to a third 
outside diameter, and 

plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter, 

wherein the inside diameters of the fint and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 

v^erein the ratio of the original outside diameter ODq of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 16. 

96. A method of forming a mono-diameter wellbore casing, comprising: 
1 S positioning a first tubular member within a wellbore, the first tubular member 

having an original outside diameter ODo and an original wall thickness to; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, 

plastically deforming and radially expanding another portion of the first tubular 
20 member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overiapping relation to the first portion of the first tubular membier; 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter; and 

25 plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODq of the first tubular member 
30 to the original wall thickness to of the first tubular member is greater than or equal to 1 6. 
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97. An apparatus^ comprising: 
a plastically deformed and radially expanded tubular member having a first portion 

having a Grst outside diameter and a remaining portion having a second outside diameter, 
wherein the ratio of the original outside diameter ODo of the first tubular member 
to the original w^all fhickness to of the first tubular member is greater than or equal to 1 6. 

98. An apparatus* comprising: 
a plastically deformed and radially expuided first tubular member haybg a first 

portion having a first outside diameter and a remaining portion having a second outside 
diameter; and 

a plastically deformed and radially expanded second tubular member coupled to the 
first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODo of the first tubular member 
to the original wall thickness to of the first tubular member is greater than or equal to 16. 

99. , The apparatus of claim 98, wherein the inside diameters of the first and second 
tub\dar members are substantially equal 

100. A wcUbore casing foraied in a wellbore, comprising: 

20 a plastically deformed and radially expanded first tubular member having a first 

portion having a first outside diameter and a remaining portion having a second outside 
diameter; and 

a plastically deformed and radially expanded second tubular member coupled to the 
first portion of the first tubular member, 
25 wherein the ratio of the original outside diameter ODo of the first tubular member 

to the original wall thickness to of the first tubular member is greater than or equal to 1 6. 

101. The casing of claim 1 00, wherem the inside diameters of the first and second 
tubular members are substantially equal. 

30 

102. An apparatus, comprising: 
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^ a plastically defonned and radially expanded tubular member; 

Q wherein the ratio of the original outside diameter ODo of the tubular member to flie 

^ original wall thickness to of the tubular member is greater than or equal to 1 6. 

^ S 103. An apparatus for plastically defonning and radially expanding a tubular member, 

O. ^ 

00 compnsmg: 

^* 

ON means for coupling a furst expansion cone to a second expansion cone; 



means for plastically defonning and radially expanding a first portion of the tubular 
member to a first outside diameter using the first and second expansion cones; 
1 0 means for plastically deforming and radially expanding a second portion of the 

tubular member to a second outside diameter using the second expansion cone; and 

means for decoupling the first and second expansion cones prior to plastically 
deforming and radially expanding the second portion of the tubular member to the second 
outside diameter; 

IS wherein the first outside diameter is greater than the second outside diameter. 

104. A mediod of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 
20 first outside diameter using a fint expansion cone coupled to a second expansion cone; 
decoupling the first and second expansion cones; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter using the second expansion cone; 

wherein the first outside diameter is greater than the second outside diameter. 

25 

105. A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically defonning and radially expanding a first portion of the first tubidar 
member to a first outside diameter using a first expansion cone coupled to a second 
30 expansion cone; 

decoupling the first and second expansion cones; 
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plastically defonhing and radially expandmg another portion of the first tubular 
member to a second outside diameter using the second expansion cone; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a Aird 
outside diameter^ and 

plastically deforming and radially expanding the second tubiilar member to a fourth 
outside diameter; 

whmin the first outside diameter is greater than the second outside diameter, and 
wherein the inside diameters of the fint and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

106. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

1 5 means for plastically deforming and radially Expanding a first portion of the first 

tubular member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

means for decoupling the first expansion cone firom the second expansion cone; 

means for plastically deforming and radially expanding another portion of the first 
20 tubular member to a second outside diameter using the second expansion cone; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of die first tubular memben 

means for plastically deforming and radially expanding the second tubular member 
to a third outside diameter; and 
25 means for plastically deforming and radially expanding the second tubular member 

to a fourth outside diameter; 

wherein the first outside diameter is greater than the second outside diameter; and 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

30 

107. An apparatus for forming a wellbore casing within a wellbore, comprising: 
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means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a fint portion of the tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

means for decoupling the fint and second expansion concfs; and 

means for plastically deforming and radially expanding a second poition of the 
tubular member to a second outside diameter using the second expansion cone; 

wherein the first outside diameter is greater than the second outside diameter. 

108. A method of forming a wellbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to a 
first outside diameter using a first expansion cone coupled to a second expansion cone; 
decoupling the first and second expansion cones; and 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter using the second expansion cone; 

wherein the first outside diameter is greater than the second outside diameter* 

1 09. A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

supporting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

decoupling the first and second expansion cones; 

plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter using the second expansion cone; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a third 
outside diameter; and 
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plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter; 

wherein the first outside diameter is greater than the second outside diameter, and 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

110. Apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a furst portion of the first 
tubular member to a first outside diameter using a first expansion cone coupled to a second 
expansion cone; 

means for decoupling the first and second expansion cones; 

means for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter using the second &cpansion cone; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

means for plastically deforming and radially expanding the second tubular member 
to a third outside diameter; and 

means for plastically deforming and radially expanding the second tubular member 
to a fourth outside diameter; 

wherein the first outside diameter is greater than the second outside diameter; and 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

111. Apparatus for plastically deforming and radially expanding and/or for coupling, 
substantially as herein described with reference to the accompanying drawings. 
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1 12. A method for plastically defbnning and radially expanding and/or for coupling, 
substantially as herein described with reference to the accompanying drawings. 

DATED this 5*** day of OctobCT, 2005 

Shell Inleraationale Research Maatschappij B.V. 

By DAVIES COLLISON CAVE 

Patent Attorneys fcH the Applicant 
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